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ABSTRACT. 

The Cordillera Real, comprising the northern section of the Eastern 
Andean range of Bolvia, constitutes a metallogenetic province character- 
ized by a relative abundance of tin and tungsten deposits. The deposits 
are genetically related to a number of granitic intrusions which have cut 
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a thick series of Paleozoic shales and sandstones. Through contact meta- 
morphism, the sediments have been changed to argillite and quartzite 
with the development of much tourmaline, and most of the ore deposits 
are found within the contact metamorphic zone. Several examples of 
wall-rock control are described. 

Analysis of the vein pattern suggests that fracturing was the result of 
regional shearing forces rather than local stresses. 

Mineralogically the high-temperature ores, tin and tungsten, pre- 
dominate, but some lead-zinc and antimony ores are indicative of a cooler 
environment. A distinct lateral zoning of the ores contrasts sharply with 
a lack of vertical zoning, although the exposed depth range is more than 
9,000 feet. 

In the classification of the ores, the two factors of depth and tem- 
perature have been discussed separately. The deposits are believed to 
have been formed at intermediate depth with intensities ranging from 
hypothermal to leptothermal. 


INTRODUCTION. 


Famous in the Colonial period for its silver mines and outstanding as an 
important source of tin in more recent years, the Eastern Andean range 
of Bolivia includes ore deposits in great variety. It is of particular interest 
to geologists because of the unusual development of complex ores containing 
both tin and silver, metals rarely found together in other parts of the world. 
The present article, one of a series’ dealing with the metallization of this belt, 
covers only the northern portion of the range, a region known as the Cordillera 
Real. It includes the higher snow-capped peaks of the Eastern Andes and ex- 
tends from the Santa Vela Cruz and Quimsa Cruz ranges on the south to 
Sorata on the north, a distance of 150 miles. 

Most of the ore deposits of the Cordillera Real are situated within or close 
to a central group of granitic intrusives. This well-defined metallogenetic 
province, characterized primarily by tin arid tungsten, affords an outstanding 
example of high-temperature mineralization. Although deposits of other 
metals are present, there is a notable absence of silver ores and of complex ore 
types. In this respect, the Cordillera Real offers marked contrast to the 
metallization of central and southern Bolivia, where deposition took place in a 
shallower zone. A detailed comparison of the two regions is reserved for a 
later article in which the ore deposits of the southern portion of the belt are 
reviewed. 

Although the Cordillera Real lacks the tin-silver ores and other complex 
types with clear evidence of telescoping, it is outstanding in other respects, 
notably in the development of high-temperature deposits on a regional scale 
and in the unusual vertical interval in deposition that is now exposed to view. 
In this region of remarkable topographic relief, elevations vary from 18,000 
feet at the tin mines of Monte Blanco to 6,000 feet at the antimony prospects 
of the eastern slope. 

During the past twenty years, the writers have examined most of 
the large mines of the area and many of the small prospects. Informa- 

1 Turneaure, F. S.: The tin deposits of Llallagua, Bolivia, Econ. Gror., vol. 30, pp. 14-60, 


170-190, 1935. Turneaure, F. S., and Gibson, Russell: Tin deposits of Carguaicollo, Bolivia, 
Am. Journ. Sci., vol. 243A (Daly Volume), pp. 523-541, 1945. 











(ppPyUV 49332 syisodap yusoefpe puv jov}UO0d JSvayJION ) 


‘ZN1IZ eBSUIING) 24} FO syisodap 219 


‘TL “Old 








Auow!juy pea] uit x 
Jsaqyesey) pexiw jo szisodag 
oulZ pee] oa 

ull O 


t 


aunqesedway azeipawsajzu| yo szisodaq s211w 


PIOD + 
ueysbuny « 
ull @ 


ngs ybiy so sqisodaq 





aj!so1poues9 | 


NOILYNW1dX3 


OQIZJIONLD, ae 








WooH3" hea 
F a 


e efoy ee soy ¢. 
sojsey ues 
a 





ezanbiy e7 


ejaiseig ewew, 
eqiuebsey &_ 





ne NVNH 


euajepbew e1seWy 


ezuesadsy euang*™ 





\ 270224149 5 
OHINIVLOD gq 
21503314 > fd 
dhusie” om 


2193810) 4 @ 
\ f oqusig aquow 








s\>-. 


HL, 
ejossesseg eL 





euljouez@ devs 


+ ee 
abuor yegsAm 
ZALES 


(@eiqas3n7 
®oo1y) 1unseg 





sijodou304 


1 pjo, 
| a. » @puesg aquebigd— <n! 
/ 


* ”~ 








r 
9 v 





i] 
72390 obs 4 
_ id z 9 


fivewn 








yor} 


4 Piva 
apefeg7/—\/ 7 > 
oa) LEDNAVAVE 






eqiuenre 
\ 
e}4eS 








2 o ‘Sw’ 8 


17 Ys 
“ yi 





\ s 8 


sobimy so7 2191338} 


4 


JONVYS VINVLINDOHD 





o 
N 
\> 


f T 


= 


VOIHD 4 
sqinbeug-~ VONVI3NDOHD =, 
eqedor04q 





A 


cH 





\ Ze 
90° 












o 
i 
° 
°o 


= 


oy % 
= ousee ta 


repiivew*\_] 


; “A INva102 # 
— 
/ 


ey 





























598 F. S. TURNEAURE AND K. K. WELKER. 


tion regarding the others has been obtained from the literature, including 
early accounts * of the Bolivian region, as well as the more recent publications 
by Ahlfeld.* The present article thus comprises a detailed description of 
certain districts with which the writers are familiar, together with a systematic 
review of the mineralization as a whole. The ore deposits mentioned in the 
text are shown on the accompanying maps, the first covering the Quimsa 
Cruz range and the second, on a smaller scale, the northern part of the 
Cordillera Real (Figs. 1, 2). 


REGIONAL GEOLOGY. 


The Cordillera Real is made up of folded Paleozoic sedimentary rocks, cut 
by several large granitic bodies, presumably of Tertiary age. The sedimentary 
rocks consist of a vast series of shale and sandstone and the corresponding 
metamorphic types. There is a complete absence of pure limestone in the 
mining area, and this is reflected in the mineralogy of the ores and in the 
form of the orebodies. 


Sedimentary Formations. 


The sedimentary rocks range from Ordovician to Carboniferous. The 
Devonian is the most extensive formation, covering wide belts on both sides 
of the Cordillera and forming the country rock of many of the snow-capped 
summits. Kozlowski,‘ who made a special study of the Devonian, estimated 
its total thickness at 15,000 feet or more. Kittl® reported beds of earlier age 
at Araca, and the Carboniferous has been identified at Lake Titicaca.6 Red 
shale and sandstone which occur near Tres Cruces Pass may be of Permian 
age.’ In the Cordillera Real proper, fossils are generally scarce. 

In the mineralized belt, the Paleozojc system is made up of shale with 
only a minor quantity of sandstone. In the Araca district, where the section 


2 Rumbold, W. R.: The origin of the Bolivian tin deposits, Econ. Grot., vol. 4, pp. 321 
364, 1909. Miller, B. L., and Singewald, J. T., Jr.: The Mineral Deposits of South America, 
New York, 1919, pp. 76-147. Davy, W. M.: Ore deposition in the Bolivian tin-silver deposits, 
Econ. Geot., vol. 15, pp. 463-496, 1920. Kozlowski, Roman: Note préliminaire sur les gise 
ments d’étain et d’argent en Bolivie, Bull. de la Soc. Francaise de Min., vol. 44, pp. 128-151, 
1921. Kittl, Erwin: La Cordillera de Quimsa Cruz y sus yacimientos estafiferos, Revista 
Minera de Bolivia (Oruro), vol. 2, pp. 65-80, 94-120, 191-215, 1927; La Cordillera de Vela 
Cruz y sus yacimientos estafiferos, idem, vol. 2, pp. 329-343, 1927; Los yacimientos estafiferos 
de Bolivia, idem, vol. 3, pp. 65-80, 97~-118, 225-244, 257-280. Continued in Revista Minera 
Argent. (Buenos Aires), vol. 2, pp. 3-16, 145-147, 1930. Pilz, Richard, and Donath, M.: 
3etrachtungen tiber . . . der Erzlagerstatten des Andien Bolivien, Zeit. prak. Geol., vol. 37, 
pp. 125-138, 1929. Smulikowski, K., and Kozlowski, R.: Les roches éruptives des Andes de 
Bolivie, Arch. de minéralogie, Warsaw, vol. 10, pp. 123-234, 1934. 

8 Ahlfeld, F.: Die Erzlagerstatten in der tertidar Magmaprovinz der bolivianischen Zentra- 
landen, Neues Jahrb. fiir Min. u.s.w., vol. 65A, pp. 284-438, 1932. Ahlfeld, F., and Mufioz 
Rayes, Jorge: Die Bodenschatze Boliviens, Berlin, 1939, 182 pages. Ahlfeld, F.: Los Yaci- 
mientos Minerales de Bolivia, La Paz, 1941 (Spanish edition of preceding with some additional 
notes) ; Los Yacimientos de Wolfram de Bolivia, La Paz, 1942, 100 pages. 

4 Kozlowski, Roman: Faune Devonienne de Bolivie, Annales de Paléontologie, vol. 12, 
1923, 105 pp. 

5 Kittl, Erwin: Revista Minera de Bolivia, vol. 2, pp. 65-80, 1927. 

6 Kozlowski, Roman: Ann. de Paléontologie, vol. 9, p. 5, 1914. 

7 Kittl, Erwin: op. cit. Ahlfeld, Friedrich, and Mufioz Reyes, Jorge: Die Bodenschitze 
Boliviens, Berlin, 1939, p. 6. 
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has been studied in some detail, the shale formation includes two fairly distinct 
types, a massive, sandy shale or argillite and a soft, thin-bedded shale. The 
sandy shale terrain is characterized by bold outcrops, numerous cliffs and 
blocky talus; the thin-bedded shale is easily weathered and develops low 
outcrops and a smooth talus composed of fine rock fragments. Although de- 
tailed surveys have not been extended beyond the Araca district, the two 
varieties of shale can be identified in several mining districts of the Quimsa 
Cruz, the sandy phase generally prevailing in the lower part of the section. 

The sandstone, as a rule, is limited to a thickness of 10 to 70 feet. At 
Araca there are two sandstone members, one 50 and the other 65 feet in 
thickness ; at Kelluani near La Paz, at least three such members are present; 
and at the San Antonio mine near Milluni, six beds can be identified, the prin- 
cipal one having a thickness of 35 feet. 

Although sandstone beds are locally conspicuous and some can be traced 
for several miles, no single formation of major importance has been correlated 
in widely separated localities. A detailed study of the stratigraphy, tracing 
the sandstone beds from one district to another, would be a distinct contribu- 
tion to Andean geology and would be of help in regional prospecting. Even 
though forming but a small part of the sedimentary section, the sandstone beds 
have exerted an important influence on ore deposition in several districts. 


Igneous Rocks. 


Batholiths —The sedimentary rocks of the Cordillera have been cut by a 
number of large intrusive bodies which roughly follow the axis of the range. 
The largest one extends from Sorata on the north to the Fabulosa mine, a 
distance of 30 miles. The intrusive of the Quimsa Cruz is the next in size, 
measuring 27 miles from the slopes of the La Paz valley to Quime. Smaller 
intrusives are found in the Caca Aca region, in the Mururata-Taquesi range, 
in the Illimani massif, and in the Tipuani valley on the eastern slope of the 
range (Figs. 1, 2). 

The typical intrusive of the Cordillera is a granodiorite or quartz mon- 
zonite; it is holocrystalline, moderately coarse in texture and of light gray 
color, spotted with numerous flakes of dark mica. Although uniform over 
large areas, the intrusives include aplitic variations and mafic segregations ; 
locally the intrusives have a very coarse porphyritic texture with feldspar 
phenocrysts an inch or two in length. 

Thin sections of the intrusives generally show a slight excess of plagioclase 
over orthoclase, abundant biotite, quartz, and less commonly, muscovite or 
hornblende. The early investigation of the Quimsa Cruz intrusive by 
Lindgren * indicated that this rock is a quartz monzonite ; later study of repre- 
sentative specimens of the intrusives farther north by Smulikowski ° revealed 
the presence of granite, granodiorite and quartz diorite, as well as quartz 
monzonite. As first pointed out by Lindgren, the typical intrusive of the 

8 Lindgren, Waldemar: Replacement in the tin-bearing veins of Caracoles, Bolivia, Econ. 
Geot., vol. 21, pp. 135-144, 1926. 


® Smulikowski, K., and Kozlowski, R.: Les roches éruptives des Andes de Bolivie, Arch. 
de minéralogie, Warsaw, vol. 10, pp. 123-234, 1934. 
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Cordillera is of intermediate character, and in this paper the igneous rock is 
referred to as granodiorite. 

The several igneous bodies of coarse texture are clearly related to a single 
parent magma, but this does not mean that all are connected at shallow depth. 
The La Paz gorge, for example, is cut entirely in the sediments, even though 
its channel lies some 14,000 feet below the igneous summits on either side.’° 

The axes of the largest intrusive bodies strike northwest; roughly parallel 
to the regional strike of the sedimentary formations, but in certain places the 
cross-cutting nature of the intrusive is evident. In the Quimsa Cruz range, 
two major folds end abruptly at the contact, with a difference of 35 degrees 
between the trend of the folds and the south contact of the Quimsa Cruz in- 
trusive (Fig. 1). Thé individual masses, which reach an exposed length of 30 
miles, are classed here as batholiths, and they offer marked contrast to the 
small stocks and volcanic vents characteristic of the Andean range to the 
south. 

Although the igneous rock is continuously exposed over large areas and 
forms cliffs hundreds of feet high, no adequate study has been made of the 
internal structure of the batholiths and no data can be contributed which 
might have a bearing on the mechanism of intrusion. The intrusives, for the 
most part, occupy the snow-capped portion of the range and are best exposed 
in remote valieys at high elevation. 

The batholiths are probably asymmetrical in cross-section, with the 
easterly contact having a much flatter dip than that to the west... The evi- 
dence supporting this conclusion is reviewed in connection with contact meta- 
morphism and mineral zoning. 

Dikes.—In the schists bordering the Sorata batholith, the dikes are mostly 
of a pegmatitic character, but some have a granitic texture and reach widths of 
200 and 300 feet. Dikes of porphyritic texture have been recorded in the 
vicinity of the intrusives farther south, the principal localities being as follows :'* 

Highly altered dikes of quartz porphyry and kersantite are found in the 
Chacaltaya district near La Paz.1* At Calocoto, a few miles below La Paz, a 
small minette stock of elliptical outline and at least 500 feet across forms the 
peak of Cerro Chiarque. Several narrow dikes of similar type are found in 
the vicinity." 

In the Urania district, 24% miles south of Illimani, there is a porphyritic 
body, more than a mile across, tongues of which are mineralized in the vicinity 
of the Urania lode. The groundmass is fine-grained but the feldspar pheno- 
crysts reach a length of three inches, offering a sharp contrast to the equigranu- 
lar Illimani intrusive. 

A noteworthy igneous locality is in the Cohoni range on the southwest 
slope of Illimani. Here in the slate terrain, a body of andesite crops out over 

10 Kozlowski, Roman: Bull. Soc. Min. de France, vol. 44, pp. 128-151, 1921. 

11 Ahlfeld, F.: Neues Jahrb. fiir Min. u.s.w., vol. 65A, p. 302, 1932. 

12 For a summary of dike rocks, see: Smulikowski, K., and Kozlowski, R.: op. cit.; and 
Kittl, Erwin: Revista Minera de Bolivia, vol. 3, pp. 1-11, 1928. 


18 Kittl, Erwin: Revista Minera de Bolivia, vol. 3, pp. 116-117, 1928. Smulikowski, K., 
and Kozlowski, R.: op. cit., p. 141. 


14 Smulikowski, K., and Kozlowski, R.: op. cit., p. 141. 
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an area of several square miles. Kozlowski states that “although the rock 
assumes the form of an intrusion, it has in part a brecciated and tuffaceous ap- 
pearance, which may indicate the presence of a volcanic phase.” *® 

There is a general scarcity of dikes in the sedimentary rocks bordering the 
Quimsa Cruz batholith, and in the detailed mapping of the Araca district, 
none was encountered. To the south, however, a dike of andesite porphyry 
has been recorded in the sedimentary rocks of the Monte Blanco district and 
another within the main intrusive at Bengala, north of the Caracoles mine.’® 
A mafic dike is reported at San Enrique lake, above the Bonaparte mine.’ 

The main body of granodiorite does not extend south along the snow- 
capped peaks but swings eastward and enters the lower slopes of the range 
near Pongo and Quime. Nevertheless, a small body of granite appears near 
the crest of the Vela Cruz range to the southwest ?* and several porphyritic 
dikes cut the sedimentary rocks in the vicinity. First described by Rumbold,*® 
the dikes include quartz porphyry and andesite porphyry. One of the dikes 
forms a part of the Concordia lode and is highly tourmalinized ; others crop out 
near the Sayaquira mine. Kittl *° calls attention to the similarity between the 
dikes of this region and those of Bengala which cut the granodiorite. 

Age of the Intrusives——The age of the large intrusives of the Cordillera 
cannot be determined with accuracy, as the only fossiliferous beds with which 
they come in contact are the Paleozoic. In chemical and mineralogical char- 
acter and in their association with tin ores, the batholiths closely resemble the 
stocks and volcanic vents of central Bolivia. Most writers, therefore, assign 
all the intrusives to a single period of the Tertiary and regard the mineraliza- 
tion of the entire tin belt to be of equivalent age. The age of the intrusives is 
based upon the relations at Potosi, where the tin-bearing stock cuts tuff beds 
containing abundant plant remains. The flora was assigned by Berry ** to the 
Pliocene, but Steinmann,”? Briiggen ** and others have objected to this inter- 
pretation, giving the age of the tuff beds as probably lower Tertiary and not 
later than Miocene. If the correlation of the intrusives is accepted, the batho- 
liths and associated ore deposits of the Cordillera Real would be Eocene to 
Pliocene, depending upon the exact age of the Potosi flora. 

From the standpoint of the mineralization as a whole, the correlation of 
the igneous rocks appears entirely logical, but if the flora is considered Plio- 
cene, it raises a question whether the subsequent time-interval has been suff- 
cient for intrusion, mineralization, uplift and deep erosion. An alternative 
explanation would be to assume that the intrusives are not all of the same age 

15 Thid. 

16 Kittl, Erwin: Revista Minera de Bolivia, vol. 3, pp. 5-7, 1928 

17 Kittl, Erwin: op. cit., vol. 2, p. 79, 1927. 

18 Ahlfeld, F.: Los Yacimientos Minerales de Bolivia, La Paz, 1941, pp. 72-73. 

19 Rumbold, W. R.: Econ. Geot., vol. 4, pp. 327—330, 1909. 

20 Kittl, Erwin: op. cit., vol. 2, pp. 329-343, 1927; vol. 3, pp. 1-11, 1928. 

21 Berry, E. W.: The age of the Bolivian Andes, Proc. Nat. Acad. Sci., vol. 3, pp. 283- 
285, 1917. 

22 Steinmann, G.: Geol. Rundschau, vol. 13, pp. 1-9, 1922. 


23 Briiggen, J.: Grundziige der Geologie und Lagerstiattenkunde Chiles, Heidelberg, 1934, 
p. 91. 
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and that the batholiths are somewhat older than the stocks and vents to the 
south.** 

The close connection between mountain building and batholithic invasion 
is a well recognized principle and applies to many mountain ranges of the 
world. In the adjacent regions of Peru and Chile, important folding of the 
Andean range took place in the early Tertiary,?° and the large igneous bodies 
of the Cordillera Real may be of similar age. The small stocks, such as that 
at Potosi, might then correspond to a somewhat later period of intrusive 
activity, connected with a second less violent period of folding and faulting. 
Within the Cordillera itself, the second period of igneous activity might be 
represented by some of the porphyritic dikes which have been described. 
Although the simpler explanation of a single period of intrusion is favored, 
the second alternative, with its implication of two periods of mineralization, 
cannot be entirely eliminated until more accurate data are available. 


Contact Metamorphism. 


Although the sedimentary formations of the Andean ranges were ex- 
tensively folded and in many localities stand on end, extreme metamorphism 
on a regional scale did not take place. The intrusion of the batholiths, how- 
ever, caused widespread alteration of the sedimentary rocks. On the west 
side of the intrusives, the zone of alteration is generally a mile or so in 
width but may reach three or four miles in some places. On the east side, 
the alteration is far more extensive, but no accurate map of the contact zone 
has been prepared. The Chojlla district, located nine miles east of the 
Mururata intrusive, is in an area of slate and schist ;*° likewise in the Tipuani 
valley, the schist belt extends some twelve to fifteen miles east of the Tipuani 
batholith. This notable increase in the extent of alteration on the east side 
of the intrusives can logically be explained on the assumption that the surface 
of the underlying batholith has a gentle slope to the east and is roughly parallel 
to the present surface. 

In the contact zone, the shale is altered to a dense argillite or, near the 
intrusive, to a fine-grained hornfels. Tourmaline is the most common meta- 
morphic mineral in the Quimsa Cruz and Mururata regions. To the north 
in the vicinity of the Sorata batholith, mica schist is widespread, locally con- 
taining andalusite and garnet.** Typical slate is found at Bolsa Negra, 
more distant from the intrusive than the argillite and tourmaline-hornfels. 
The sandstone beds have been converted to quartzite, which is locally very 
dense and almost glassy. Mostly, however, the quartzite is argillaceous, with 
an appreciable content of tourmaline which gives it a dark gray color. The 
impure quartzite thus grades into the siliceous argillite. In places, meta- 

24 Pilz, R., and Donath, M.: Zeit. prak. Geol., vol. 37, p. 128, 1929. 

25 Steinmann, G.: Geologie von Peru, Heidelberg, 1929, pp. 179, 189, 234-235. Britiggen, 
J.: Op. cit. 

26 Singewald, J. T., Jr.: Econ. Geor., vol. 16, pp. 63-65, 1921. Ahlfeld, F., and Mufioz 
Reyes, Jorge: op. cit., map, p. 48. Reagan, P. H.: Eng. Min. Journ., vol. 141, p. 56, 1940. 
Ahlfeld, F.: Los Yacimientos de Wolfram de Bolivia, La Paz, 1942, pp. 26-30. Bellows, 


George: Bol. de la Soc. de Ingenieros, La Paz, vol. 21, nos. 27-28, pp. 26-39, 1942. 
27 Ahlfeld, F.: Neues Jahrb. fiir Min. u.s.w., vol. 65A, pp. 356-358, 1932. 
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morphism has reduced the physical contrast in the rocks, so that after altera- 
tion the shale formations are almost as competent as the quartzite. 


Regional Structure. 


The relation between the batholiths and the folding of the sediments has 
been mentioned in a preceding paragraph. In the present section, the regional 
structure of the sedimentary formations is summarized. 

In the Milluni region near La Paz, the sedimentary rocks on the west 
side of the Caca Aca batholith have a northwest strike and a consistent dip 
to the southwest. A local syncline is present in the San Antonio area where 
the dip is northwest; at Kelluani the beds strike about east-west but maintain 
a southerly dip. 

Bordering the Mururata intrusive on the east side, the metamorphics 
of Chojlla and Aceromarca have a northeast dip, and near the Andes mine 
on the opposite side of the intrusive, the beds dip from 10° to 30° southwest. 

3ut west of this area, a synclinal fold is crossed and in the vicinity of Palca, 
the dip is from 50° to 60° northeast. Southward toward Bolsa Negra, the 
northeast dip is maintained, but the strike changes from northwest to about 
east-west; at Bolsa Negra the metamorphic rocks are almost horizontal. 

In the Arca district of the Quimsa Cruz, an area two miles wide border- 
ing the batholith has been mapped in detail. This entire belt corresponds 
to a major syncline whose axis strikes N. 15° W. and pitches 25° south; 
distinctive beds of sandstone can be traced from one limb of the fold to the 
other. The dip of the beds on the east limb is 50° or more; the dip on the 
west limb is generally 20° or 30°. 

From Viloco south to Mallachuma, little is known as to the detailed 
structure of the sedimentary rocks. Beyond Mallachuma, the range is domi- 
nated by a broad anticline whose axis passes close to the Laramcota and 
Monte Blanco mine camps. The syncline to the west can -be traced from 
Laramcota Pass southeastward, crossing spur ridges of Chojiiacota and Monte 
Blanco a short distance east of the Araca highway. The two folds are closely 
parallel and strike from N. 35° W. to N. 40° W. 

Although reconaissance thus far is by no means sufficient to determine 
the details of structure, the available evidence suggests that the range is 
characterized more by folding than by regional faulting. In the mining dis- 
tricts where structure has been given some consideration, faults of a regional 
nature that can be traced for many miles are rare. Post-mineral faults which 
displace the veins a few tens of feet are common, but in very few districts 
does faulting represent a major problem in mine development; many veins 
continue without interruption for hundreds of feet. 


ORE DEPOSITS. 
General Description. 
In the present review of the mineralization of the Cordillera Real, nearly 


two hundred deposits have been listed, varying from small prospects to pro- 
ducing mines of major importance. Although the ore deposits exhibit a wide 
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range in mineralogy, nearly 85 percent of the total contain tin or tungsten or 
both metals. Wolframite and cassiterite are outstanding among the ore 
minerals and tourmaline among the gangue minerals. This gives to the 
mineralization as a whole a most pronounced high-temperature character. 
Minor occurrences comprise gold-quartz veins, veins high in bismuth and 
copper, lead-zinc veins, and two deposits with the unusual combination of tin, 
lead and antimony. . 

The deposits mentioned are related in origin to the granodiorite batholiths 
and constitute a well-defined metallogenetic province, roughly coincident with 
the Cordillera Real and about ten miles in width. Within the province, a lat- 
eral zoning of metals is evident in several districts, and certain structural 
features and controls in ore deposition apply to the region as a whole. But on 
each side of the central belt, there are several antimony deposits, situated as 
much as fifteen miles from the others and at much lower altitude. These 
stand apart in a number of respects and are described separately. 


Geographical Distribution. 


Ore deposits are most abundant in the Quimsa Cruz range which includes 
the southern portion of the Cordillera Real (Fig. 1). Fully 60 percent of 
the deposits tabulated are located in this range, only 27 miles in length. Im- 
portant tin mines include Rosario, Araca, Laramcota, Chojfiacota and Monte 
Blanco on the western slope, Caracoles on the east side, and those of the 
Vela Cruz region to the south. Outstanding tungsten deposits are found at 
Araca and at Caracoles (Pacuni). 

In the northern part of the Cordillera, the ore deposits are more scattered, 
most of them being grouped around the several intrusive centers (Fig. 2). 
In the vicinity of the Illimani massif, the principal deposit is the Urania, a com- 
plex lode containing both tin and tungsten. The Bolsa Negra tungsten de- 
posit is situated a few miles south of the Mururata batholith, and the rich 
tungsten veins of Chojlla are at a low elevation on the east side of the same 
batholith. The most important of the numerous deposits in the vicinity of 
La Paz is the Rothschild tin vein of Milluni. At the north end of the Cordil- 
lera Real are the pegmatites of Fabulosa and Challana and the complex tung- 
sten-copper veins of the Sorata district. 


Structural Types. 


Fissure veins and stringer lodes are predominant in the region and 
account for most of the producing mines. Other structural types include the 
pegmatites, the mantos or bedded veins, and the stockworks. 

The most common ore deposit of the Cordillera is a well-defined vein 
or a stringer lode from one to four feet in width. The walls adjacent to the 
lode are often ore-bearing, the valuable minerals occurring in small seams 
and veinlets rather than in disseminated form. Due to the high unit value 
of tin ind tungsten, many fractures only three or four inches in width are 
stoped, if the filling is high grade. Small veins of this kind occur as branches 
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of the larger veins, form roughly parallel groups, or are scattered irregularly 
through a restricted area. 

A few deposits are mineralized shear zones or major structural breaks, 
the zones reaching widths of 10 to 20 feet . Important examples include the 
Rothschild vein, the San Luis vein of Chojiiacota, and the main vein of 
Urania. 

Generally the ore is not continuous but is confined to distinct shoots 
highly variable in size. In some veins, the ore limit does not reflect a marked 
change in mineralogy but simply a reduction in the vein width, with a corre- 
sponding reduction in the grade of ore when calculated to the minimum stoping 
width. In other veins, however, there is a gradual reduction in the amount 
of cassiterite and wolframite, the grade decreasing until it falls below the 
commercial limit. In a number of districts, the ore within the veins is re- 
stricted to certain stratigraphic horizons, sandstone being more favorable as 
a wall rock than shale. 

The flat-lying veins, referred to as mantos, are generally parallel to the 
bedding of the enclosing sediments. This is true of the Bolsa Negra tungsten 
deposit, made up of numerous quartz-wolframite veins lying in nearly hori- 
zontal position. At Aceromarca, several veins of low dip have been produc- 
tive, and elsewhere manto-like bodies form branches of the stronger fissure 
veins. 

Two noteworthy examples of the stockwork type are found in the region, 
one at Monte Blanco and the other at Kelluani, near La Paz. Both consist of 
countless mineralized fractures and seams, restricted to a brittle formation 
which has been strongly shattered; both illustrate the control wall rocks may 
have upon the distribution of ore. 


Geological Setting. 


The ore deposits are not uniformly distributed with respect to the exposed 
batholiths. (See Table I.) Some 25 percent of the total are located within 
the granodiorite or in the overlying sedimentary rocks along the axial line of 
the intrusives. Fully 55 percent are found west of the batholiths, whereas 
only 20 percent are in the region to the east. This latter region includes only 
one district of major importance (Chojlla). 

Most of the deposits that occur within the intrusive are found at the south 
end of the Quimsa Cruz, where the width of the exposed mass is only three 
miles. To the north, where the igneous rock extends over a much larger 
area, few deposits have been recorded within the batholiths at a distance of 
more than three miles from the contact. Many of the intrusives, however, 
are found in the high, inaccessible portion of the range, where they are partly 
covered by glaciers. 

The contrast in the extent of mineralization on the two sides of the 
batholith likewise may be less pronounced than the figures suggest. Because 
of the dense vegetation on the eastern slope of the range, ore deposits are 
more likely to escape discovery in this area than in the western contact zone, 
which is at high elevation where the bed rock is exposed over many square 
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miles. The eastern zone, however, occupies a lower position on the flank of 
the batholith and is, perhaps, below the horizon of maximum deposition, 
though a few deposits were formed here that are fully as rich as those near 
the crest of the range. 


Vein Pattern. 


A tabulation of the available data gives a total of 176 distinct vein de- 
posits, including the pegmatites but ‘excluding the antimony deposits. The 
descriptions of many are sketchy; the strike is recorded for only 141 of the 
veins listed and the dip for 120. The principal data are summarized in the 
accompanying tables. 


TABLE I. 


DISTRIBUTION AND STRIKE OF VEINS. 





Strike group 
Vein record |—— 















































| All deposits 
| | E-W | NW | N-S NE 
North area | 76 50 22¢ 42% 22% | 14% 
Quimsa Cruz | 110 91 26 23 13 | 38 
| 
West side } 101 | 84 33% | 20! | 18% | 29% 
Axial zone 49 34 20 | 20 15 | 45 
East side 36 23 78 13 9 
Total 186 | 141 25% 30% | 16% 29% 
TABLE II. 
Dip oF VEINS 
— ——————————————— —————— — a a ee — 
Strike group No. of veins | Seewe, wae | OF nn 
East-west 31 | 68% 26% 6% 
Northwest 35 46 | 17 37 
North-south 16 88 6 6 
Northeast 38 | 82 13 5 
eens Sicko VED = _ oe eee ee eee Ee ieee 
Total 120 68% | 17% | 15% 








Strike and Dip of the Veins —A classification of the veins into four groups 
according to their strike brings out certain noteworthy relationships. Veins 
of the northwest and northeast groups are about equally numerous and ac- 
count for 60 percent of the total, whereas veins of the north-south group are 
distinctly subordinate. There is, however, a notable difference in the pre- 
vailing vein direction in the northern and southern parts of the region. Veins 
of the northwest group are dominant in the north, and those of the northeast 
group in the Quisma Cruz to the south. 

A marked contrast in the vein pattern is also evident on the two sides of 
the range. To the east of the line of intrusives, four out of five veins have 
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a northwest strike, whereas to the west only one out of five belongs to this 
group. On the west side of the intrusives, veins of northeast and east-west 
strike are predominant and about equally numerous. Veins within the 
granodiorite, which are developed principally in the Quisma Cruz, belong 
chiefly to the northeast group. 

Veins of steep dip (90-75°) are most numerous, followed by those of 
moderate dip (74-60°). Only 18 of the 120 veins tabulated have a dip of 
less than 60°; of these 13 belong to the northwest vein system. Veins of 
steep dip are of varied strike but are especially characteristic of the north- 
east and north-south groups. 

Origin of the Fracture Pattern —The nature of the fracture pattern and 
its extension well beyond the granodiorite batholiths suggest that regional 
stress of some nature was of greater importance in the development of the 
fractures than purely local stress due to the cooling of the intrusive mass. 
Among the four vein groups, the northwest is unique; some 35 percent of 
the veins of this group have a low dip compared with only 5 or 6 percent 
for the other three. Moreover, 70 percent of the veins having a low dip be- 
long to the northwest system. This suggests that the northwest veins are 
due to a compressive component acting perpendicular to their trend. If so, 
the northeast veins would correspond to tension fractures, and the other two 
sets (N-S and E-W) would represent directions of maximum shearing stress. 
The predominance of one set of shear fractures over the other conforms to the 
vein pattern observed in certain mining districts.*® 

In the Caracoles region, where the igneous belt is narrow, veins within 
the granodiorite are most numerous and present a pattern similar to the 
veins of the western contact zone. Thus near the roof of the batholith, the 
igneous rock seems to have failed in much the same way as the adjacent belt 
of sedimentary rock. But to the north; where the batholiths have greater 
width and erosion has presumably reached a deeper horizon, the igneous 
mass might offer greater resistance to the regional stress. This may partly 
account for the fact that veins within the granodiorite are less abundant in 
the north than in the south. 

The sharp contrast in the vein pattern on the east side of the line of in- 
trusives as compared with that on the west side must be related in some way 
to the presence of the intrusive mass. Possibly the igneous body, acting as 
a resistant core or block, modified the transmitted stress so that, on the east 
side, the principal lines of failure developed parallel rather than transverse to 
the elongated intrusives.”° 

The stress analysis, then, suggests that the fracture pattern was produced 
by regional shearing stress with the component of compression acting in the 
northeast-southwest direction. 

It may be questioned whether a rigorous stress analysis can be applied to 
an area as large as the Cordillera Real, with its assortment of igneous and 
folded sedimentary rocks. But as a working hypothesis, the analysis seems 
to fit the broader field relationships; it points to regional forces of the same 


28 McKinstry, H. E.: A.I.M.E. Trans., vol. 144, pp. 73-74, 1941. 
29 This possibility was called to our attention by John Payne, Jr. 
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general type as those which produced the major folds, whose trend is at 
right angles to the assumed direction of compression. If the northeast veins 
are due primarily to tension, this may partly explain the predominance of veins 
of this type among the ten or fifteen major deposits of the region. But do 
the northeast veins commonly show the characteristics of tension fractures? 
Are many of the northwest veins in the nature of thrust faults with evidence 
of pre-mineral movement? Questions of this kind cannot be-answered on the 
basis of information now available. The foregoing explanation of the frac- 
ture pattern is offered as an hypothesis to be tested by further field study. 


Mineralogical Types. 


The mineralogy of the ores is summarized in the present section, the de- 
posits being classified according to the dominant metals. Additional details 
regarding representative deposits are given in connection with mineral zoning. 

Pegmatites.—The tin-bearing pegmatites, which reach widths of 50 and 
even 100 feet, are found principally at the north end of the Cordillera Real, 
where they are associated with the Sorata batholith. ‘The dikes are composed 
of quartz, feldspar and mica, with a little cassiterite in small pockets and ir- 
regular streaks. The pegmatites as a whole are low grade, but a few have 
been worked intermittently on a small scale. In some districts, cassiterite- 
quartz veins are found near the pegmatites. 

Tin and Tungsten Deposits—Most of the active mines of the Cordillera 
produce either tin or tungsten, and in a few veins, both metals are present in 
commercial amount. The tin and tungsten deposits belong to several mineral- 
ogical types, all closely related and in part gradational. Nearly all the tungsten 
deposits are of distinctly high-temperature character; wolframite, scheelite, 
tourmaline, muscovite, arsenopyrite, and pyrrhotite are common. Most of the 
tin deposits are likewise of the high-temperature type, ranging from cassiterite- 
bearing pegmatites to cassiterite veins with quartz, tourmaline, bismuthinite, 
arsenopyrite, pyrrhotite, pyrite, sphalerite and, less commonly, galena. In a 
number of tin deposits, however, the cassiterite is found not with other minerals 
of the high-temperature type but with quartz alone or with quartz, pyrite, 
sphalerite and galena. In some veins, non-metallic minerals are distinctly sub- 
ordinate and massive sulphides prevail. In the sulphide-rich veins, wolfra- 
mite is less common than cassiterite, except in the complex ores of bismuth and 
copper described below. 

Gold Deposits—High-temperature gold-quartz veins are productive in 
a few localities, principally on the east slope of Mururata *° and northeast of 
Sorata.*t Massive quartz veins with both gold and tungsten are found at the 
Rosario mine, situated near the north end of the Quinsa Cruz. The Rosario 
veins are characterized by quartz, tourmaline, arsenopyrite, pyrite, a little 
wolframite, scheelite and native gold.* 


80 Ahlfeld, F.: Neues Jahrb. fiir Min. u.s.w., vol. 65A, p. 361, 1932. 


81 Lincoln, F. C.: The Incaoro gold mine and mill, Min. Sci. Press, vol. 108, pp. 561-565, 
1914. 


82 Ahlfeld, F.: Econ. Geot., vol. 36, p. 581, 1941. 
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Bismuth and Copper Deposits—Bismuthinite, a mineral common in the 
Bolivian region, is unusually abundant in a few deposits, notably in the Car- 
men veins near La Paz.** The veins here consist principally of quartz and 
pyrite. Some of the Carmen veins carry, in addition, abundant bismuthinite 
and occasional pockets of native bismuth; others contain cassiterite as the 
chief ore mineral. 

A complex bismuth-copper-tungsten ore is found in a number of veins 
in the sedimentary rocks at the north end of the Sorata batholith. At Hucu- 
marani,** wolframite and bismuthinite are found in massive sulphide veins 
composed of abundant chalcopyrite, pyrite, siderite and hematite. At the 
Morcedes mine, a little bismuthinite is present in a complex ore with quartz, 
chalcopyrite, pyrite, arsenopyrite, sphalerite and wolframite. 

Deposits rich in bismuthinite and chalcopyrite are variants of the typical 
high-temperature ores of tin and tungsten and are generally worked for the 
latter metals. It is noteworthy that in the Cordillera Real straight copper 
ores of simple mineralogy are lacking ; copper reaches its greatest abundance in 
the complex ores of the type just described. 

Lead and Zinc Deposits—A few lead-zinc deposits are found in the 
Cordillera, such as those of Rinconada and Tres Rios, situated near the Muru- 
rata intrusive, and those on the west slope of the Quimsa Cruz. The veins 
are generally narrow and exploitation is further handicapped by the high trans- 
portation costs. Most of the veins are of simple composition; galena, sphal- 
erite and pyrite occur in variable proportions with a gangue of quartz and 
siderite. Two lead veins have been recorded in which the galena is accom- 
panied by high-temperature minerals. 

Complex Deposits—In the Cordillera there are two deposits having an 
unusual mineral assemblage, both characterized by the combination of tin, lead 
and antimony. The Carmen vein of Rosario contains quartz, cassiterite, ar- 
senopyrite, sphalerite and jamesonite.** A number of vein samples assayed 
around two percent antimony. At Buena Esperanza, near the south limit of 
the Quimsa Cruz, there is a gradation from cassiterite veins to lead-antimony 
veins, and the tin and antimony seem to belong to the same period of deposition. 
The three principal veins of the prospect are of a mixed type, containing an 
average of eight percent antimony but are worked for tin. The vein filling 
consists of quartz, pyrite and cassiterite, with some pyrrhotite. No galena 
was observed. The antimony oxide, visible at the surface, is presumably de- 
rived from a mineral of the jamesonite group. 


Influence of Wall Rocks on Ore Deposition. 


A number of districts of the Cordillera Real offer good illustrations of wall- 
rock control, expressed not only in the broad distribution of the veins but also 
in the size and shape of the ore-shoots. The sandy beds are the more favorable 
and locally exhibit a selectivity almost as marked as that shown by limestone 

33 Miller, B. L., and Singewald, J. T., Jr.: Mineral Deposits of South America, New York, 
1919, p. 105. Davy, W. M.: Econ. Geot., vol. 15, p. 479, 1920. 


34 Ahlfeld, F.: Los Yacimientos de Wolfram de Bolivia, La Paz, 1942, pp. 12-13, 
35 Ahlfeld, F.: Econ. Grot., vol. 56, p. 581, 1941. 
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in other regions. The control has been largely structural, and the sandy beds, 
because of their more competent nature, show a greater degree of fracturing 
and more persistent breaks than the shale. Ina few places there is a suggestion 
of chemical influence as well, with the deposition of a greater proportion of 
sulphides in shale than in sandstone. 

Within the contact zone, where alteration tends to reduce the physical con- 
trast in the rocks, no wall-rock control may be evident, although, in places, a 
slight difference in the lithology seems to have controlled deposition to an 
important degree. Some of the best examples of wall-rock control are found 
in districts well removed from the contact zone, where standstone alternates 
with shale. 

The principle of wall-rock control has been demonstrated in a sufficient 
number of districts to make it an important consideration in regional prospect- 
ing. The sandstone and quartzite beds generally stand out and offer little 
difficulty in mapping, but the distinction between sandy shale and thin-bedded 
shale is not so readily made. Yet the distinction between these two rock types 
is important, as in a number of districts the ore is virtually restricted to the 
sandy formation. Several examples of wall-rock control that have come to the 
writers’ attention are described in the paragraphs that follow. 

Araca District—Within the Araca district, which lies close to the Quimsa 
Cruz batholith, the following sedimentary formations have been recognized : 


D. Thin-bedded shale 
C. Upper sandy shale 
B. Sandstone 

A. Lower sandy shale 


The most important veins of the district have been found within the contact 
zone, where the sandy shale has been altered to tourmaline hornfels and argil- 
lite, and the sandstone to quartzite. 

The veins generally are better defined and more persistent in the sandstone 
and sandy shale than in the thin-bedded shale. Well-marked veins and strong 
lodes in the sandy formations may pinch out entirely on entering the thin- 
bedded shale or may pass into a network of small stringers, too irregular for 
mining. 

The Principal vein, which accounts for most of the tin, is transverse to the 
regional structure and can be traced from the lower sandy shale to the thin- 
bedded shale. But the ore-shoot within the vein is limited to the quartzite and 
upper sandy shale, having a pitch to the southwest, roughly parallel to the 
dip of the sedimentary rocks. Although the vein extends a short distance 
into the overlying thin-bedded shale, the upper boundary of the ore-shoot 
closely follows the contact of the two formations. The ore does not extend 
downward into the lower sandy shale formation, even though this seems to be 
mineralogically similar to the one above and fully as competent (Fig. 3). 
This curious limitation of ore suggests that the quartzite has acted as the 
main channelway, the solutions working upward along the fissure from the 
quartzite into the overlying formations. As the competent beds have a good 
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thickness, the ore-shoot of the Principal vein reaches a stope length of 1,300 
feet, the most productive shoot of the entire Cordillera Real. 

Within the Principal vein, there is a notable difference in the character 
of the mineralization in the quartzite as compared with that in the sandy shale. 
In the quartzite, the vein is generally well defined, and coarse crusts of quartz 
and cassiterite line the vein walls; in the sandy shale, the vein takes the form 
of a complex stringer lode in which much of the ore was formed by replace- 
ment. Highly mineralized shale can scarcely be distinguished from barren 
wall rock except for its high specific gravity. 
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Fic. 3. Ore-shoot, Principal vein, Araca Mine. 


In the western part of the Araca district, beyond the zone of contact altera- 
tion, several veins of secondary importance cut across the sandstone and the 
sandy shale horizons. To judge from the distribution of the old stopes, the 
sandstone is the more favorable formation. Later development, however, has 
disclosed a wide, persistent vein in the shale that consists of massive pyrrhotite 
with only a moderate amount of cassiterite. 

Quimsa Cruz.—The Quimsa Cruz range southeast of Araca has not been 
studied in detail, but reconnaissance shows that in several districts the nature 
of the country rock has had an important bearing on the distribution of the 
ore deposits. The most productive veins of Laramcota, Mallachuma and 
Monte Blanco are found in sandy shale which is similar to that of the Araca 
district. 

The Serrano tin deposit at Monte Blanco, an outstanding example of 
the stockwork type, is of irregular outline, occurring for the most part in a 
quartzite formation some ninety feet in thickness. The stockwork is made up 
of countless disconnected veinlets, the majority of which are parallel to the 
stratification. A dozen or more mineralized seams occur in a width of an inch 
or two, so closely spaced that they form a spectacular example of ribbon ore. 
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Bolsa Negra.—The tungsten deposit of Bolsa Negra lies within the zone 
of strong contact alteration on the south side of the Mururata intrusive. The 
ore horizon, about 150 feet in thickness, closely coincides with a dense hornfels 
containing abundant quartz, tourmaline and chlorite; over a considerable area 
it is as hard and siliceous as a typical quartzite. Above and below the ore 
horizon is a massive argillite, somewhat less siliceous and more thinly bedded 
than the hornfels. The ore deposit of tabular form is more than a thousand 
feet in length from east to west, being exposed along a series of almost vertical 
cliffs. It consists of numerous quartz-wolframite veins lying in nearly hori- 
zontal position and parallel to the bedding of the hornfels or cutting it at a 
very slight angle. Dips above seven degrees are rare. 

The individual quartz veins and lenses are seldom more than ten inches 
in thickness, but occurring one above another, they comprise as much as a 
third of the total volume in the better development headings. Although the 
veins occur throughout the ore zone of 150 feet, they are most abundant in 
three or four sections, each from five to ten feet in thickness. 

‘he wolframite is scattered through the vein quartz and is associated with 
small amounts of scheelite, pyrite, pyrrhotite, arsenopyrite and siderite. Al- 
though the proportion of vein minerals and grade of ore show a considerable 
range, no sharply defined ore-shoots have been recognized in the tabular de- 
posit. There is no marked contrast between the hornfels and the argillite, 
yet the slight difference in lithology was apparently sufficient to restrict the 
mineralization to a small part of the sedimentary section, i.e. to the hornfels. 

San Antonio Mine, Milluni—The tin veins of San Antonio illustrate the 
highly selective character of the sedimentary rocks in regions of slight altera- 
tion. The district is underlain by a thick shale formation, in which there are 
several sandstone beds, the principal one having a thickness of 35 feet. The 
veins of the district, three or four of which have been productive, stand nearly 
vertical and have a strike almost at right angles to that of the sedimentary 
rocks. Within the veins, the ore is limited to the sandstone, forming long, 
podlike shoots pitching at a low angle, parallel to the dip of the sandstone. 
The veins in the sandstone generally take the form of irregular lodes and 
impregnations with poorly defined walls; much of the ore is a dense, fine- 
grained mixture of quartz, pyrite, tourmaline and cassiterite, perhaps developed 
by replacement. In the shale, the veins break up into small seams, whose 
filling appears to be more pyritic. At the upper contact of the sandstone, the 
mineralization has spread out parallel to the bedding and has formed tabular 
extensions to the steep lodes (Fig. 4). 

Kelluani.—The deposits of the Kelluani mine are typical stockworks, which 
are confined to three sandstone beds from 10 to 40 feet in thickness. The small 
veinlets of the stockwork have various directions of strike, and unlike those 
of Monte Blanco, most of them have a steep dip and are approximately per- 
pendicular to the bedding. The individual veinlets are discontinuous and 
rarely more than an inch in thickness; few can be followed into the adjacent 
shale. 

Deposits in the Thin-bedded Shale ——Although the thin-bedded shale has 
produced far less ore than the sandy shale and quartzite, it is not entirely 
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barren. In the soft shale, the mineralization generally consists of narrow 
stringers and irregular seams, without much continuity and without recog- 
nizable pattern ; scattered small veins of this kind are abundant in the central 
part of the Araca district but have produced very little ore. Here and there, 
the soft shale is cut by a mineralized break of major strength, developing a 
complex lode or a wide zone of veins and lenses. This type of structure is 
illustrated by the main vein of Chojfacota,*® although the vein probably lies 
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Fic. 4. Ore-shoot, San Antonio Vein, Milluni District. 


in the upper portion of the sandy shale formation. It is a stringer lode con- 
necting extensive zones of brecciation. Another example is the Rothschild 
vein of Milluni, occurring in typical thin-bedded shale. The lode, made up 
of several distinct veins, has been identified on the surface for a distance of 
4,500 feet and is as much as 15 feet in width. 


Lateral Zoning. 


The distribution of the ore deposits in a number of districts is consistent 
with the zonal theory (Figs. 1, 2). The most common lateral variation is a 
change outward from typical high-temperature veins of tin and tungsten, 
characterized by quartz, tourmaline, wolframite, cassiterite, bismuthinite and 
arsenopyrite, to galena-sphalerite veins with quartz and siderite. At Araca, 
an additional zone, expressed in sulphide-rich veins with pyrrhotite and 
cassiterite, can be distinguished within the high-temperature range; and at 


36 Kittl, Erwin: Revista Minera de Bolivia, vol. 


2, pp. 201-207, 1927. Ahlfeld, F.: Los 
Yacimientos Minerales de Bolivia, La Paz, 1941, p. 70. 
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Sorata, deposits of about the same intensity are represented by veins con- 
taining wolframite, chalcopyrite, bismuthinite and arsenopyrite. Although 
certain features seem to indicate that the typical tungsten veins are somewhat 
more intense than those of tin, the positional relationship between the two 
metals is, in one district, contradictory. Gold deposits also appear, here 
and there, in the zone of high temperature but not in sufficient number to 
establish a distinct zonal relationship with respect to tin and tungsten.** 

The zoning of metals is found chiefly on the west side of the granodiorite, 
where the lateral change in ores generally takes place within a distance of two 
or three miles. On the east side of the intrusives, where the zone of high 
temperature reaches a width of nine miles, the outer zone of moderate tem- 
perature is poorly displayed, represented possibly by two or three small lead 
deposits in the semi-tropical region to the east.°* 

Araca District —In the Araca district, even though deposition as a whole 
is of the high-temperature type, three mineral zones can be distinguished. 
Starting at the border of the Quimsa Cruz batholith and extending outward 
for 700 feet is the zone of tungsten veins, characterized by quartz, tourmaline, 
arsenopyrite and wolframite. A few low-grade veins of this general type are 
also found within the granodiorite. Beyond the tungsten zone is the main 
zone of tin deposition, coincident with the Principal vein and extending from 
1,500 to 4,000 feet from the contact. These ores are rich in cassiterite ; they 
have a quartz gangue with a moderate amount of sulphides, principally pyr- 
rhotite. The third zone, extending as much as 7,000 feet from the intrusive, 
is characterized by veins of massive pyrrhotite with a lower tin content. 

The mineral zoning at Araca is paralleled by a change in the degree of 
contact alteration. Dense hornfels, argillite and quartzite prevail in the rich 
tungsten and tin zones; slightly altered sandy shale and sandstone prevail in 
the outer portion of the pyrrhotite zone. 

Caracoles District—A number of important tin veins have been developed 
within the granodiorite at Caracoles, all occurring within an area some two 
miles across. The ores are essentially free of tungsten, but rich tungsten 
deposits are found at Pacuni,*® a mile from the tin zone and at the margin 
of the granodiorite. This suggests a zonal relationship opposite to that of 
Araca. 

Laramcota District—In the Laramcota district, the principal tin vein, 
composed of quartz, tourmaline, cassiterite and pyrite, is situated in an area 
of dense sandy shale, some 3,000 feet from the Quimsa Cruz batholith. The 
cooler phase of the mineralization is represented by the lead-zinc veins of the 
Salvadora section and of the Cristo Pobre property, located at the margin of 
the district and fully 10,000 feet from the Quimsa Cruz batholith. The zone 
characterized by massive pyrrhotite veins with cassiterite, so prominently 
developed at Araca, is not found at Laramcota. 


87 Ahlfeld has discussed zoning as applied to the entire Bolivian tin belt (Econ. Gerot., vol. 
36, pp. 569-589, 1941). He recognizes the main tin-tungsten and lead-zinc zones of the 
Cordillera Real and adds a third rare zone characterized by gold, which the writers question. 

88 Ahlfeld, F.: Los Yacimientos Minerales de Bolivia, La Paz, 1941, Figs. 9, 11. 

89 Hess, Frank L.: Eng. Min. Journ., vol. 112, pp. 497-499, 1921. 
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Chojiiacota District—At Chojiiacota cassiterite was deposited at a con- 
siderable distance from the intrusive, in a zone more commonly occupied by 
lead and zinc. The main vein of the district, the San Luis, is situated three 
miles from the batholith and beyond the area of contact alteration. That 
deposition took place under rather moderate temperature is indicated not 
only by the geological environment but also by the mineral assemblage. The 
vein filling consists of quartz and cassiterite with abundant sphalerite and 
siderite. Arsenopyrite, pyrite and galena are present in small amount.*° 

Monte Blanco District—South of Chojiiacota the westerly contact of the 
Quimsa Cruz batholith turns abruptly east toward Pongo, but the zone of 
high-temperature deposition, showing a notable increase if width, continues 
south to Monte Blanco. Here the cassiterite-quartz-tourmaline deposits are 
3% miles west of the igneous contact, and the zoning of metals takes place 
in the succeeding two miles. The lateral change is first to pyrite veins with 
a little cassiterite and then to low-grade cassiterite veins with abundant 
sphalerite and galena as well as pyrite. The marginal ores are found in the 
typical thin-bedded shale. 

Mururata Region—The Mururata region is noteworthy in the predomi- 
nance of tungsten over tin in the zone of high temperature. Many small 
tungsten veins are found within the granodiorite, but those of major im- 
portance are in highly altered sediments, exemplified by the Bolsa Negra 
deposit near the crest of the range and by Chojlla** on the lower eastern 
slope. Most of the veins contain massive quartz with a small quantity of 
wolframite and scheelite, as well as the common high-temperature minerals. 
Cassiterite is rather widespread ; in a few veins it is the chief ore mineral. 

The zone of high-temperature deposition, which is roughly coincident with 
the igneous and metamorphic rocks, is eccentric with respect to the exposed 
batholith ; it reaches a width of nine miles on the east side of the intrusive 
compared with only two or three miles on the west side. The outer zone of 
moderate intensity, with a few lead-zinc deposits, is developed chiefly near 
Rinconada, on the west side of the intrusive and from two to four miles from 
the tungsten zone. Most of the veins are similar to those of the Quimsa 
Cruz, but one has the unusual combination of chlorite, galena, tourmaline, 
pyrrhotite and siderite.“ Another high-temperature vein with galena and 
tourmaline is found within the granodiorite at the Esmeralda prospect. 


Vertical Zoning. 


With mineralization of the high-temperature type so dominant in the 
Cordillera, certain veins might be expected to persist through an unusual 
vertical range, but this is not the case. Few individual veins have been de- 
veloped vertically for more than 700 feet, whether they occur in the grano- 
diorite or in the sediments ; the most persistent vein of the region, the Principal 
of Araca, has a known vertical extent of 1,900 feet. 

40 Bandy, Mark: Personal communication. 


41 Bellows, George: op. cit. 
42 Ahlfeld, F., and Mufioz Reyes, Jorge: op. cit., p. 120 
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In contrast to the indicated limited vertical extent of individual veins, an 
unusual vertical range in deposition is represented by groups of veins out- 
cropping within certain districts, each vein being developed for only a fraction 
of the total interval. Thus in the Quisma Cruz, a number of districts ex- 
hibit mineralization through a vertical interval of 3,000 feet or more; in the 
wide schist area east of the Sorata batholith, tin-bearing pegmatites crop out 
at elevations ranging through 5,000 feet; and in the Mururata district the 
vertical interval is at least 9,000 feet, a figure rarely duplicated elsewhere. 

In spite of the extreme vertical interval at Mururata, there is no progres- 
sive change in the mineralogy that can be correlated with depth; high-tem- 
perature ores of tin and tungsten prevail in the granodiorite along the crest 
of the range as well as in the metamorphic rocks of the lower eastern slope. 
The most productive veins in the district are found at Chojlla, in a region 
of low altitude; they yield both tin and tungsten.** At the Barco mine, one 
of the Chojlla group, feldspar appears with quartz in the gangue. This 
combination suggests an approach to the pegmatites, but a similar combination 
is noted in certain veins that crop out near the summit of the range.** Thus 
in the Mururata district, there is no consistent change to ores of greater in- 
tensity below nor to sulphide-rich ores above; no significant vertical zoning 
is revealed. 

The persistence of high-temperature deposits throughout the eastern region 
is further evidence that the underlying batholith has a gentle dip to the east. 
The width of the high-temperature zone measured perpendicular to the contact 
may be appreciably less than the vertical interval of 9,000 feet as determined 
by the difference in elevation of the individual deposits. By like reasoning, 
it may be inferred that on the west side of the batholith, where the high- 
temperature zone is narrow horizontally, the contact of the intrusive is rela- 
tively steep. 

Theoretically at least, the zonal picture in plan should be revealed in verti- 
cal section, and the zone of intermediate temperature should lie above one of 
high temperature. In the Cordillera Real, however, no intermediate-tem- 
perature veins have been mined to the point where they change downward to 
those of high-temperature. On the east side of the batholith, the zone of 
intermediate temperature lies in a semi-tropical region where few deposits 
have been discovered; on the west side, the lead mines of the outer zone are 
too shallow to reach the gradational boundary between the two zones, the 
boundary presumably having a steep inclination to the west. It is true that 
many ore-shoots of good size, as well as small pockets of ore, change to a 
low-grade filling downward, but this is not interpreted as an expression of 
vertical zoning in the usual sense.- The same decline in grade takes place 
laterally, and it is primarily due to the fact that tin and tungsten are relatively 
uncommon and are deposited in quantity within a more restricted area than 
the more abundant metals such as zine and iron. 


43 Bellows, G. D.: op. cit. ' 
44 Ahlfeld, F.: Los Yacimientos de Wolfram de Bolivia, La Paz, 1942, p. 23. 
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Quartz-Stibnite Veins. 


The quartz-stibnite veins, although of subordinate economic importance, 
are among the most interesting of the Cordillera from the standpoint of zoning 
and ore genesis. There is no adequate account of the deposits, the principal 
information available being brief notes by Ahlfeld *® and by Wright.*® 

The broad generalizations as to wall-rock control and vein distribution 
previously outlined do not apply to the antimony deposits. In contrast to 
the ores of tin and tungsten, the antimony ores are generally found in massive 
quartz veins and lenses, enclosed in soft, plastic shale. The ore is usually 
restricted to small pockets and bunches in the massive quartz, or to certain 
bands in the quartz vein; here and there it forms important shoots in which 
the stibnite is the dominant filling. Associated minerals are pyrite and 
native gold, and less commonly chalcopyrite and jamesonite. 

The antimony deposits are found on both slopes of the range, generally 
at low altitude and from five to as much as fifteen miles from the deposits of 
tin and tungsten. Those of Palca are five miles west of the tin-tungsten 
veins of Taquesi pass and 1,500 feet lower in elevation. Farther south in 
the valleys tributary to the La Paz river, antimony veins have been developed 
at Conoriri and Caracota, from 7,000 to 10,000 feet below the tin and tungsten 
deposits of the Quimsa Cruz and six miles distant. On the east slope of the 
range, antimony-gold ores are found near Suri, fully fifteen miles from the 
high-temperature ores of Caracoles and at an altitude of only 7,000 feet. 


ORIGIN AND CLASSIFICATION OF THE ORE DEPOSITS. 


The principal ore deposits of the Cordillera Real are probably of Tertiary 
age; they were formed shortly after the intrusion of the granodiorite. This 
is certainly true of the tin-tungsten veins, the lead-zinc veins and the mixed 
deposits of a gradational character. It may apply also to the quartz-stibnite 
veins, even though their genetic position is not entirely clear. The un- 
certainty as to the exact age of the intrusives has already been discussed. 

No detailed review of the general question of origin is required, although 
certain features connected with the mineralization are peculiar to the province 
and warrant special comment. 


Relation between Tin and Tungsten. 


The Cordillera Real is notable in the widespread development of both tin 
and tungsten, yet the two metals fail to show a consistent zonal arrangement. 
At Araca the tin zone is more distant from the thermal center than the tungsten 
zone, whereas at Caracoles the situation is reversed. Within the Chojlla and 
adjacent Pichu districts, the tin and tungsten deposits have a total vertical 
range of 3,000 feet.*7 The veins of Chojlla at low altitude contain more tin 
than do those on the ridge at Pichu, but this seems to be a local variation, 

45 Ahlfeld, F.: Los Yacimientos Minerales de Bolivia, La Paz, 1941, pp. 182-185. 


46 Wright, C. W.: U. S. Bur. Mines, Foreign Minerals Quart., Oct. 1939, pp. 39-45. 
47 Bellows, George: op. cit. 
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as both metals are found in veins on the crest of the Cordillera, 6,000 feet 
above Pichu. 

To judge from the geological setting and mineralogy of the deposits, 
wolframite is a mineral indicative of somewhat greater intensity than cas- 
siterite. Virtually all the wolframite deposits contain a distinctly high- 
temperature gangue and are found either within the igneous rock or in 
regions of contact alteration. Several important tin deposits, on the other 
hand, contain no minerals of high-temperature connotation other than cassit- 
erite and appear in unaltered sedimentary rocks beyond the contact zone. 
Moreover, in regions where contact alteration is most intense, tungsten pre- 
vails over tin. This applies to the east slope of the range, where the zone of 
alteration reaches its greatest width, and to the central belt of sedimentary 
rocks overlying the crest of the batholith. On the west slope of the range, 
where the belt of altered sediments is only a mile or two in width, tin prevails 
over tungsten. 

The foregoing generalizations are subject to two outstanding exceptions. 
First, within the granodiorite, where maximum temperatures would probably 
prevail, less than a third of the veins listed produce tungsten, whereas in the 
sedimentary rocks directly above the batholith, nearly all the veins produce 
tungsten. Second, in the pegmatites, which are generally considered to be 
closer to the magmatic source than fissure veins, there is, as a rule, more tin 
than tungsten. But it should be noted that as a commercial source of tin, the 
veins in the granodiorite and the pegmatites occupy a subordinate position. 

The relationships just outlined leave no doubt as to the close genetic 
position of tin and tungsten. They suggest, however, three subdivisions or 
stages in the deposition of the two metals in the high-temperature range: 
first, the deposition of cassiterite at maximum temperature but in moderate 
amount, reflected in the tin-tourmaline ores of the granodiorite and in the 
tin-bearing pegmatites; second, the stage of maximum tungsten deposition, 
developing the numerous deposits in the zone of contact alteration; and third, 
the stage of maximum tin deposition, taking place chiefly in the altered sedi- 
mentary rocks but at a somewhat greater distance from the igneous rock. 
Cassiterite ores are found, here and there, in the unaltered rocks, overlapping 
the zone of zinc, lead and iron. 


Position of the Antimony Deposits. 


Quartz-stibnite veins as a genetic type are of wide occurrence through- 
out the world and are generally regarded as belonging to the low-temperature 
end of the hydrothermal sequence. This seems to hold for the quartz stibnite 
veins of the Cordillera, which probably represent a low-intensity phase of the 
main tin-tungsten mineralization.*® 

The combination of jamesonite and cassiterite in certain veins of the 
Cordillera is proof that the tin-bearing solutions contained a little antimony, 
and this curious combination suggests a gradation to the quartz-stibnite 
deposits. On the west side of the range, lead-zinc ores of a moderate intensity 


48 Ahlfeld, F.: Econ. Gror., vol. 36, pp. 569-589, 1941. 
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are found in a region between the tin-tungsten and quartz-stibnite veins. A 
few of the latter, such as those of Palca, are situated only four or five miles 
from the high-temperature zone. These facts support the view that the anti- 
mony deposits are a part of the main period of mineralization. 

In contrast to the situation which prevails on the west side of the range, 
the quartz-stibnite veins on the east side are as much as fifteen miles from the 
high-temperature zone. The fifteen-mile gap is probably due to the gentle 
slope of the underlying batholith, giving greater horizontal width to each tem- 
perature zone; yet the extent of the gap and the scarcity of intervening de- 
posits of lead and zinc leave some doubt as to whether the antimony deposits 
are all genetically related to the granodiorite and truly a part of the metalloge- 
netic province. The evidence now available favors a single period of metalliza- 
tion, but accurate information on many points is lacking. 


Classification of the Deposits. 


The broad correlation between the intensity of mineralization and the 
depth of ore deposition probably holds for most metallogenetic provinces, 
but there has been a tendency in recent years to emphasize the frequent 
independence of these two factors. Low-temperature ores obviously cannot 
form at great depth, but especially in volcanic regions, ores of high temperature 
can form near the surface. To certain deposits of the latter type, Buddington 
has applied the term xenothermal.*® 

The pronounced range in temperature reflected in the many deposits of 
the Cordillera Real might suggest a corresponding range in the depth of ore 
deposition, yet the evidence suggests that the entire mineralization took 
place within a rather limited depth-range. To bring out this point and to 
clarify the discussion as to classification of the deposits, the two factors, 
depth and temperature, are considered separately in the paragraphs immedi- 
ately following. 

Depth of Ore Deposition—lIn certain discussions of hydrothermal de- 
posits, the term depth-zone has been used in a relative rather than in an 
absolute sense, but in the present article, attention is focussed on the actual 
depth below the surface at which mineralization took place. As a rule, 
the available data do not permit of a precise figure being assigned to original 
depth, and for that reason the entire depth-range is divided into three broad 
environments: the shallow, intermediate and deep. Even this three-fold 
division is often difficult to apply, but in many districts an approximate idea as 
to original depth can be obtained from a study of the regional geology, the 
nature of fracturing and the texture and structure of the deposits. 

The deep environment, as the term is here defined, is characterized by 
great batholiths and by crystalline schist and gneiss of widespread distribution. 
The shallow environment would comprise areas of unmetamorphosed sedi- 
mentary rocks and areas where the magma has broken through to the surface 
with the consequent development of extrusive igneous rocks. Between the 


19 Buddington, C. F.: High-temperature mineral associations at shallow to moderate depths, 
Econ. Geot., vol. 30, pp. 205-222, 1935. 
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two are many regions with plutonic bodies of moderate size and sedimentary 
formations that are only slightly altered except near the igneous contacts. 
Such regions would represent the intermediate depth-environment. Perhaps 
the term should also include those regions where deep erosion has reached the 
base of a great volcanic series. 

With respect to the Cordillera Real, a consideration of the regional geology 
points to the intermediate depth-environment. Erosion has extended well 
below any volcanics which may have developed, but it has not been deep 
enough to reach the zone of crystalline schists and great batholiths. Instead, 
several intrusive bodies of moderate size have been exposed, corresponding to 
high points of a single large mass ; beyond the areas of contact alteration, mod- 
erately indurated sediments prevail. The conclusion that the region is one 
of intermediate depth is consistent with the uniform mineral assemblage, 
the lateral zoning of the deposits and the scarcity of complex ore-types. 

Within the Mururata region, the mineralization extends through a vertical 
interval of nearly 10,000 feet without showing a progressive change in the 
character of the ore. It seems logical to assume that this entire mineralized 
belt, only eight to ten miles in width, lies within the intermediate depth- 
environment. Its total vertical extent must be appreciably greater, as there 
is no indication that on the lower slopes of the range, the deep environment 
has been reached. The uniformity of mineralization throughout this interval 
is in line with Graton’s summary of the zones of ore deposition, in which the 
possibility of a great vertical extent for each zone is emphasized.*° 

The character of the ore deposits on the east slope of the Mururata range 
shows that depth below the surface was less important in determining the 
character of the deposits than the distance from the intrusive mass. This is 
also brought out by the lateral zoning of metals on the west side of the range, 
where ores of moderate temperature are found only two or three miles from 
the contact, yet at lower elevation than many of the high-temperature deposits. 

Temperature of Deposition —The best index of the temperature that pre- 
vailed during ore deposition is the mineral assemblage. Ordinarily high tem- 
peratures are characteristic of the deep environment, but as a result of intru- 
sion, high temperatures may locally prevail at shallower depth. Conversely, 
the presence of minerals diagnostic of low temperature in rocks of the deep 
environment means a long interval between metamorphism and ore deposition. 

As indicated in earlier paragraphs, most of the deposits of the Cordillera 
are of the high-temperature type. Out of a total of 195 distinct deposits, 162 
contain such characteristic high-temperature minerals as wolframite, cassiterite, 
tourmaline, apatite, muscovite, bismuthinite, arsenopyrite and pyrrhotite. A 
few deposits, located principally on the west side of the range, are indicative 
of moderate temperature ; pyrite, sphalerite, galena, quartz and siderite are the 
common minerals. If the quartz-stibnite veins are accepted as a part of the 
metallogenetic province, then a third group should be added, a group of low 
temperature with quartz, stibnite, a small quantity of the common sulphides 
and native gold. 


50 Graton, L. C.: The depth-zones in ore deposition, Econ. Grot., vol. 28, pp. 514-555, 
1933. 
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It is noteworthy that in each deposit, the principal minerals belong to the 
same intensity group, and the same is true of the metals where more than one 
is present in commercial amount. Tin is entirely compatible with tungsten, 
bismuth with tin, and lead with zinc. Only the rare veins combining cas- 
siterite, galena and jamesonite suggest an unusual temperature range in a 
single deposit. 

Conclusion as to Classification—Most deposits of the hypothermal class 
possess a geological environment which is indicative of great depth, and the 
ores reflect the combination of high temperature and pressure. Lindgren, 
however, used the term hypothermal to include certain deposits of high tem- 
perature that were formed at intermediate depth, such as the tin veins of the 
Quimsa Cruz.*' Long recognized as being of high-temperature origin, the 
other tin and tungsten deposits of the Cordillera Real closely resemble those 
of the Quimsa Cruz and can be confidently classed as hypothermal. 

The lead-zince veins with common sulphides, quartz and siderite can be re- 
garded as mesothermal, formed at moderate temperature and at moderate 
depth. In a few tin deposits, cassiterite is the only mineral of high tempera- 
ture, occurring with abundant pyrite and sphalerite. Veins of this type are 
of lower intensity than those in which the common sulphides are present in 
small amount. 

An acceptance of lateral zoning to explain the quartz-stibnite veins of the 
Cordillera means that they should be regarded not as typical epithermal de- 
posits but as a marginal, low-intensity type of mineralization at intermediate 
depth. In describing the antimony deposits in general, Lindgren ** recognized 
not only those of the epithermal class but also others related to intrusives and 
of more deep-seated origin. In their intensity of deposition, the quartz-stibnite 
veins of the Cordillera correspond, perhaps, to the outermost veins of Lead- 
ville, characterized by galena, sphalerite; quartz and barite. Formed at low 
temperature and at intermediate depth, these Leadville veins have been classed 
as cool mesothermal.** The term leptothermal has been introduced by 
Graton ** to cover certain deposits on the borderline between the epithermal 
and mesothermal zones. Although mineralogically the quartz-stibnite veins 
of the Cordillera do not resemble the leptothermal deposits listed by Graton, 
they are best classified as leptothermal, the term heing used here to cover de- 
posits of low intensity in the intermediate depth-environment. 


Interval between Intrusion and Ore Deposition. 


From the distribution of the deposits and the nature of lateral zoning, we 
infer that the time interval between intrusion and ore deposition was com- 
paratively brief. The tungsten and tin deposits of greatest intensity are 
found in the igneous rock and in strongly altered sedimentary rocks; the tin 
deposits of a less intense type extend beyond the margin of the contact zone ; 

51 Lindgren, Waldemar: Econ. Geor., vol. 21, p. 137, 1926; Mineral Deposits, Fourth 
Edition, New York, 1933, pp. 655-656. 

52 Lindgren, Waldemar: Mineral Deposits, Fourth Edition, New York, 1933, p. 474 


53 Loughlin, G. F., and Behre, C. H., Jr.: Econ. Geot., vol. 29, pp. 215-240, 1934. 
54 Graton, L. C.: Econ. Geot., vol. 28, pp. 536-540, 1933 
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and the lead-zinc ores of a moderate type are generally in unaltered sedimentary 
rocks. There is, in other words, a broad parallelism between the intensity of 
ore deposition and the regional temperature as indicated by the distribution of 
the igneous and metamorphic rocks. 

The facts just enumerated suggest that the nature of the deposit formed 
at a given locality was determined, in a large measure, by the heat retained 
by the intrusive and by the metamorphic rocks. In the contact zone, the heat 
was supplied not only by conduction but also by solutions emanating from the 
magma at a relatively early stage. Ina number of districts, the early transfer 
of material from the magma is shown by the widespread development of 
tourmaline, with its notable content of boron. It seems logical to assume that 
the solutions at this stage effectively heated the country rock. 

The ore deposits of the region are not irregular replacement bodies 
closely connected with contact metamorphism but represent mineralized fis- 
sures and sheeted zones of somewhat later development. In the intrusives and 
contact zone, which were already at high temperature when the solutions ar- 
rived, the initial deposition would be of the high-intensity type, whereas in 
the region beyond this zone, deposits of a more moderate type would prevail. 
Here and there, solutions at high temperature reached the cooler environment, 
where they formed tin deposits of a borderline type. 

If important cooling of the intrusive and contact zone had taken place 
before mineralization, zoning on a regional scale would be more difficult to 
explain. Then the deposition of ores of high temperature in the cooled rocks 
would require the re-heating of the vein walls by the solutions themselves, 
the only heat source. This would be essentially a local process, taking place 
at points where the circulation was most vigorous, either in the sedimentary 
or igneous terrain. If lateral zoning then developed, it would be of a local 
nature, on the scale of a district or single deposit; it would be related to 
local “hot centers” and would not be regional in scope. Local zoning within 
a batholith, for example, implies sufficient cooling of the intrusive before ore 
deposition to make the regional temperature compatible with the outermost 
mineral zone. 

The theory of regional pre-heating, which is suggested by the distribution 
of the deposits of the Cordillera, may have a bearing upon the sequence of 
mineral deposition. According to Graton,®® the walls of a vein and the de- 
posit formed at any given locality are generally subject to rising temperature as 
the solutions continue to flow, and the mineralization ordinarily should pro- 
ceed on a rising temperature scale. An important factor in determining the 
mineral sequence may be the thermal environment of deposition. 

If in a region of extensive pre-heating, the solutions arrive and deposit 
their load when the vein walls are still at high temperature, then the first 
minerals to form would be those of the high-temperature type. As the region 
and the circulating solutions cooled down, minerals of a lower temperature 
could form, giving a sequence on a descending temperature scale. If, on the 
other hand, the ore solutions entered a region of cool rocks, the high-tempera- 


55 Graton, L. C.: Econ. Grot., vol. 28, p. 521, 1933. 
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ture minerals could not be deposited until a later stage, after the vein walls 
had been heated to the proper temperature by the solutions themselves. In 
this thermal environment, early minerals of low temperature might be pre- 
served, giving a sequence of deposition on an ascending temperature scale. 


RELATION TO DEPOSITS OF CENTRAL AND SOUTHERN BOLIVIA. 


The ore deposits of central and southern Bolivia, which will be described 
in a later paper, belong primarily to the shallow environment. Many are 
associated with small stocks and volcanic vents, whereas others appear in a 
strictly sedimentary terrain. A range in temperature fully as great as that 
of the Cordillera Real is shown in the region to the south, not only in deposits 
considered collectively, but also in many complex deposits of the xenothermal 
type, in which low pressure effects are pronounced and sharp vertical zoning 
is revealed. In the Cordillera Real, the rare tin-antimony deposits may have 
a faint suggestion of the xenothermal, but even these examples lack the com- 
plex textures, vuggy fillings and delicate crustifications which are so common 
in the mixed ores to the south; that is to say, telescoping of an extreme type 
is not recorded in the ores of the region to the north. 


SUMMARY. 


Among the noteworthy features of the Cordillera Real province are the 
granodiorite batholiths along the axial zone of the range, the pronounced de- 
velopment of high-temperature deposits, the lateral zoning from tin-tungsten 
to lead-zinc, the rough parallelism between the intensity of ore-depositing 
conditions and the degree of contact metamorphism, and the unusual vertical 
interval in mineralization that is now exposed to view. The deposits as a 
whole represent deposition in the intermédiate depth-environment, ranging in 
intensity from hypothermal to mesothermal. The quartz-stibnite veins, which 
probably form a part of the metallogenetic province, are interpreted as de- 
posits of intermediate depth but of rather low temperature. They have been 
classified as leptothermal. 

A statistical summary of the vein pattern is presented and the problem 
of causative stress is reviewed. No satisfactory stress analysis is apparent, 
but certain facts point to the development of the fractures under regional 
shearing stress. This is presented as an hypothesis, to be tested by further 
field observation. The marked contrast in the vein pattern on the two sides 
of the range, as well as the difference in the extent of mineralization, must 
be connected in some way with the size and shape of the underlying batho- 
lith, the high points of which have been exposed by erosion. 
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ABSTRACT. 


The Upper Mississippi River Embayment is a region of about 45,000 
square miles in the Mississippi River Valley extending from the vicinity 
of the 34th parallel northward to the mouth of the Ohio River. It includes 
parts of Arkansas, Mississippi, Tennessee, Kentucky, and Missouri. In 
1940 about 2,700,000 people inhabited the region. 

Ground water is one of the most valuable natural resources of the 
region. It is estimated that 95 per cent of all the water used in the Upper 
Embayment comes from the ground. 

Structurally the Embayment is a downwarped, downfaulted trough in 
Paleozoic rocks, in which have been deposited sediments ranging in age 
from Cretaceous to Recent. Very productive water-bearing formations 
extend throughout most of the region but the total quantity of water 
perennially available is unknown, and little information is available on 
the quality of the water. 

The formations comprise a natural hydraulic system underlying parts 
of several States, and a study of the geology and hydrology of the entire 
region is needed. Such a study is necessary because additional ground- 
water supplies will be required with the future development of the region 
In order to develop the region wisely the quantity and quality of the 
water perennially available must be known. 


INTRODUCTION, 


Tue Upper Mississippi River Embayment is a region of about 45,000 square 
‘miles in the Mississippi River Valley extending from the vicinity of the 34th 
parallel northward to the mouth of the Ohio River. According to the census 
of 1940 approximately 2,700,000 people inhabited the region. About 72 per 
cent of the population was classified as rural. 

Ground water is one of the most valuable natural resources of the region. 
Its importance can best be realized when one considers that the water supply 
of almost every farm and more than 125 towns and cities in the region comes 
entirely from wells. It is estimated that 95 per cent of all the water used 
in the Upper Mississippi Embayment is pumped out of the ground. In the 
rice-farming area of Arkansas alone about 250,000 acre-feet of water are 
pumped annually for irrigation purposes.” 


* Engler, Kyle, Thompson, D. G., and Kazmann, R. G.: Ground-water supplies for rice irri- 
gation in the Grand Prairie region, Arkansas, Univ. Arkansas Agr. Exper. Sta. Bull. 457, p. 24, 
1945. 


1 Published with the permission of the Director of the U. S. Geological Survey. 
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States, U. S. Geol. Survey, 1932). 












Generalized geologic map of the Upper Mississippi Embayment (from geologic map of the United 
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REGIONAL GEOLOGY. 


The Mississippi Embayment is a downwarped, downfaulted trough in Pale- 
ozoic rocks, in which have been deposited sediments ranging in age from 
Cretaceous to Recent. (Fig. 1.) The boundary between the Paleozoic rocks 
and the relatively unconsolidated materials filling the Embayment can be 
traced through Alabama, Mississippi, Tennessee, western Kentucky, the south- 
ern tip of Illinois, southeast Missouri, and Arkansas. Several thousand feet 
of sand, gravel, clay, lignite, chalk, and limestone have been deposited in the 
Embayment during its complicated history of advances and regressions of the 
sea. 

The Tertiary strata dip from 15 to 30 feet a mile toward the axis of the 
Embayment. (Fig. 2.) The dip of the Cretaceous strata is somewhat 
greater. The dip of the strata southward, toward the Gulf, is generally slight. 

About 15 miles southeast of Memphis, Tennessee, which is near the center 
of the Upper Embayment, the Paleozoic formations are about 3,000 feet below 
the surface, or 2,600 feet below mean sea level. 


WATER-BEARING FORMATIONS. 


Formations of Upper Cretaceous age contain some of the most productive 
water-bearing beds in the region. Most of the wells in these beds are near 
the fringes of the Embayment and in the areas of outcrop. In the central 
portion of the Embayment the Cretaceous aquifers are generally too deep for 
ordinary wells and, in addition, the water probably is highly mineralized. In 
Memphis there are some sandy beds between depths of 2,100 and 2,600 feet 
which are presumed to belong to the Upper Cretaceous series. A sample of 
water obtained from a well believed to be screened in the Ripley formation 
(Upper Cretaceous), contained more than 1,000 parts per million of dissolved 
solids. 

The Tuscaloosa strata of Alabama, Mississippi, Tennessee, and Kentucky 
form the basal deposits of Upper Cretaceous age and overlap the Paleozoic 
rocks. In Alabama the Tuscaloosa group comprises about 1,000 feet of sands, 
clays, and gravels, but the strata thin progressively northward in Tennessee 
and Kentucky. The sandy and gravelly beds are important locally as sources 
of ground water. Shallow wells are feasible in the area of outcrop and arte- 
sian wells at greater depths in areas down the dip. 

The Eutaw formation overlies the Tuscaloosa group. It consists of about 
300 to 500 feet of sands and clays in Alabama, Mississippi, and Tennessee. It 
thins considerably northward, but it may be present in Kentucky. Some of 
the sandy beds yield abundant supplies of water. In the outcrop areas, water- 
table wells are obtainable. In the buried extension of the formation, water is 
present under artesian pressure. 

In the Embayment region the uppermost beds of Upper Cretaceous age are 
in the Ripley formation. The Ripley has been mapped in Alabama, Missis- 
sippi, Tennessee, Kentucky, Illinois, and Missouri. In Arkansas the equiva- 
lent of the Ripley has been called the Nacatoch sand. It consists of as much 
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GENERALIZED TABLE OF MESOZOIC AND CENOZOIC FORMATIONS OF THE 
Upper MIssIssIpPI EMBAYMENT. 



























































| Esti- 
' mated ihe 
System Series Group or formation | _thick- Characteristics 
ness | 
(feet) 
Quaternary | Recent | 0-200 +| Alluvial sands and gravels; water-bearing. 
(srl yt CE Mal, ig a, i PRR ee — 
Pleistocene- | 0-180+] Loess and sand and gravel terrace depos- 
Pliocene | | its. Sands and gravels yield water. 
Tertiary Eocene Jackson group | 0-200 +| Clay, marl, and some sand. Unimportant 
as a water-bearing horizon. 
eae. Seaweees i SPELLS SES Ae 
~e.¢ | ” le : ws 
| Claiborne group | 0-700+/) Sand, clay, siltstone, and lignite. Impor- 
| | tant as a water-bearing horizon. 
Wilcox group | 0-700 +] Sands, clays, and lignite. Important as 
a water-bearing horizon. 
| 
Paleocene Midway group 0-600 +] Clay, shale, and limestone, with minor 
| amounts of sand and sandstone. Unim- 
| | portant as a water-bearing horizon. 
Cretaceous | Upper | Selma group 0 900 +| Sands, gravels, clays, marl, chalk, and 
Cretaceous | (includes Ripley | | limestone. Includes several important 
formation) | water-bearing horizons. Chalky forma- 
Eutaw forma- tions yield little or no water. 
tion | | 
| Tuscaloosa group| | 
| 








as 600 feet of sand, sandstone, clay, and marl. The sandy beds are among 
the most important aquifers in the Embayment. 

The sands of the Claiborne and Wilcox groups of Eocene age are probably 
the most important artesian aquifers in the Mississippi Embayment. They 
are also of considerable importance where they crop out on the surface, be- 
cause water is obtainable from them unde: water-table conditions. In the 
Upper Embayment the two groups have no. been satisfactorily differentiated 
from each other or within themselves. This is attributed mainly to the fact 
that the history of marine advances and regressions has been extremely com- 
plicated, and marine beds grade laterally and vertically into beds of continental 
origin. Except for occasional fossil leaves and plants, paleontologic means 
of correlating the beds above the Midway group (Paleocene) are generally 
lacking. Most correlations are on the basis of lithologic similarity and field 
relationships. 

In the vicinity of Memphis, Tennessee, the combined thickness of the 
Wilcox and Claiborne groups is slightly more than 1,000 feet. It is believed 
that each of the groups thins considerably east, north, and west from this 
point. Memphis, which uses more ground water than any other single com- 
munity in the Upper Embayment, gets most of its water from sands in the 
Claiborne group which are known locally as the “500-foot” sand. It is esti- 
mated that in 1944 the average daily withdrawal from this sand in the Mem- 
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phis area was about 105 million gallons.* The City supplements the public 
water supply by tapping a sand in the lower part of the Wilcox group which 
is known locally as the “1,400-foot” sand. The average daily withdrawal 
from this aquifer in the Memphis area was estimated to be about 10 million 
gallons in 1944, 

The Pleistocene-Pliocene deposits which are of importance as water- 
bearing formations are sand and gravel terrace deposits and deposits of sand 
which consist of reworked material from Eocene and Cretaceous formations. 
The deposits are about 50 to 75 feet thick. In north-central Mississippi and 
western Tennessee they are tapped by thousands of wells which are used for 
domestic purposes and for watering stock. The accompanying map does not 
show these beds because it was desired to present the areal distribution of 
the older formations. The sand and gravel terrace deposits are generally 
thickest in or near the valleys of the rivers. They were probably deposited by 
rivers which formed a drainage pattern similar to that which now exists. The 
sands which were eroded from the Eocene and Cretaceous formations have 
been deposited in part in the river valleys. 

The area shown as “Alluvium” on the accompanying map is underlain by 
alluvial sands, silts, clays, and gravels, which probably range in age from 
Recent to Pleistocene. The attitude of the beds is essentially horizontal, and 
the sediments were deposited by the Mississippi River and its present tributary 
system and by an ancestral river system which occupied the same general 
area. The maximum recorded thickness is about 200 feet. The sands and 
gravels in these deposits supply water to thousands of farms and some small 
communities in Arkansas, southeast Missouri, and northwest Mississippi. 


GROUND-WATER CONDITIONS IN AREAS OF HEAVY PUMPING. 


In 1887 the static water level of a well in the “500-foot” sand (Claiborne 
group) in downtown Memphis was about 230 feet above mean sea level. 
Today the water level in approximately the same locality is about 168 feet 
above mean sea level. Thus over a period of 60 years the water level has 
declined a total of about 62 feet. No serious problem exists as far as the 
immediate supply of water is concerned. However, a study of the area is 
needed to determine the quantity and quality of water available for future use. 

In the Grand Prairie region of Arkansas (near Stuttgart) large supplies 
of ground water are used for irrigating rice. Wells in this region tap Recent 
and Pleistocene alluvial sands and gravels and Tertiary sands. Locally the 
water in the Pleistocene beds was under artesian pressure, and the water 
levels rose 20 to 35 feet above the top of the aquifers. As a result of heavy 
pumping in certain parts of this region, sands which originally contained water 
under artesian pressure have been partially unwatered, and water-table condi- 
tions now exist. In the approximate center of the Grand Prairie region the 
ground-water levels declined about 25 feet from 1929 to 1944.4 The region 

8 Meinzer, O. E., and others: Water levels and artesian pressure in observation wells in the 
United States in 1944, Part 2, Southeastern States, U. S. Geol. Survey Water-Supply Paper 
1017, p. 327, 1947. 

4 Engler, Kyle, Thompson, D. G., and Kazmann, R. G.: op. cit., p. 33. 
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is more or less completely covered with a relatively impervious layer of Recent 
silts and clays. Because the only known source of recharge is from streams 
which have cut through the surface material to the water-bearing beds, studies 
should be made to calculate the amount of recharge so that the ground-water 
resources can be utilized as effectively as possible. Little is known about the 
Tertiary sands in this region. 


SUM MARY. 


The region under consideration includes parts of five States and forms a 
part of one of the largest artesian systems in the United States, the Gulf 
Embayment. The ground-water reservoirs include highly productive water- 
bearing formations that extend throughout most of the region. The water 
enters the formations where they are at or near the surface, and moves con- 
siderable distances to the wells, in some places passing under State lines. 
Thus the region is underlain by a natural hydraulic system that must be 
studied as a unit. 

Large quantities of ground water are now being pumped, especially for 
municipal and industrial supplies at Memphis and for irrigation of rice in 
Arkansas. With the future development of the region, additional ground- 
water supplies will be required. Therefore, the quantity and quality of the 
water perennially available should be determined in order to develop the 
region wisely and to make certain that adequate water supplies are available. 
An intensive investigation of the ground-water resources would determine 
these facts. 

In such an investigation the geology should be studied in detail in order 
to differentiate the formations and determine the position, thickness, and lat- 
eral extent of the ground-water reservoirs. The occurrence and nature of 
recharge to the water-bearing formations, their storage capacity and ability to 
transmit water, and the rate of replenishment would be determined. It will 
be necessary to study the areas where the water-bearing beds are exposed at 
the surface, obtain information on existing wells, drill test holes, make pump- 
ing tests and periodic measurements of water levels in observation wells, and 
prepare maps and reports that will interpret the results of the field work. 





U. S. GEOLOGICAL SuRVEY, 
WasHINcTON, D. C., 
Aug. 7, 1947. 
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THE GENESIS OF INTRUSIVE MAGNETITE AND 
RELATED ORES. 


S. J. SHAND. 


ABSTRACT. 

Crystallization of deep-seated gabbroic magma leaves a residual solu- 
tion enriched with ferrous iron in the form of ferrous hydroxide hydrosol. 
Upon dehydration this substance undergoes self-oxidation, yielding mag- 
netite with expulsion of hydrogen. 


THE genesis of lenses and veins of titaniferous magnetite and chromite in 
deep-seated eruptive rocks, mostly of gabbroic character or gabbroic parent- 
age, has long been one of the major headaches of petrologists and ore- 
geologists. The melting points of magnetite (1591°), ilmenite (1450°), 
and chromite (2180°) are far above the known range of magmatic tempera- 
ture, yet in the Adirondacks we find intrusive veins of titanomagnetite in 
anorthosite, and intrusive veins of chromite in the norite of the Bushveld 
complex. 

Almost all geologists who have studied deposits of this nature are agreed 
on two points: first, that the ores are “magmatic” in the sense that they have 
been segregated in some way from the eruptive rock in which they occur; and 
second, that they were segregated at a late stage in the cooling and solidifica- 
tion of the eruptive. It is not necessary to review all the voluminous litera- 
ture on this subject, but we may note that J. F. Kemp (1897) referred the 
magnetite deposits of Port Henry, New York, to “the emission of highly 
heated solutions of iron and other compounds” from crystallizing gabbro; 
that A. C. Spencer (1904) connected magnetite ores in New Jersey with 
pegmatite and described them as “products of end-phase igneous activity” ; 
and that W. S. Bayley (1910) considered the gneisses of the New Jersey 
Highlands to have been invaded by “iron-bearing solutions or vapors originat- 
ing in the same subterranean source” as the gneisses. Per Geijer wrote in 
1915 that “it is a characteristic feature of the ore-bearing rocks that the mag- 
netite forms the last juice.” R. J. Colony (1923) believed that the end-phase 
of the crystallizing magma separated into a magnetite-rich fraction and a 
pegmatite fraction, which were injected separately. 

Unquestionably these authorities were right as far as they went; but 
beyond a few tentative suggestions about “mineralizers” and “volatile agents,” 
none of them made any attempt to indicate the composition of the fluids which 
they assumed to have carried these very resistant ores in solution. The 
reason for this omission is clear; they thought about the problem in terms 
of the final products, magnetite, ilmenite, and chromite, and they knew of no 
solvent that can dissolve and reprecipitate these ores. It is understandable 
that an ore-geologist should start out from the visible and tangible ore and 
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seek by induction to trace the cooling history of the magma which gave rise 
to it; but this method of attacking the problem leads to an impossible con- 
clusion, so it must be wrong. 

There is another method of approach, which is to start out from the 
chemistry of gabbroic magma and see if it leads to an acceptable solution of 
the problem. We shall see that it does. 

The first point to be established is that in most deep magmas ferrous oxide 
largely exceeds ferric oxide. The “average igneous rock” of Clarke and 
Washington contains 3.08 per cent by weight of Fe,O, and 3.8 per cent of 
FeO; converted into molecular numbers this means 53 molecules of FeO to 
19 molecules of Fe,O,, or nearly three to one. But the difference is probably 
greater than that, for most rocks at the earth’s surface have suffered some 
degree of oxidation, and in addition, some oxidation may take place in the 
course of chemical analysis. A point of greater importance for this argument 
is that in most gabbroic rocks the only mineral containing much ferric oxide 
is magnetite. Since it is the genesis of magnetite that is the subject of dis- 
cussion, we ought to leave that mineral out of the computation, which would 
have the effect of reducing Fe,O, almost to zero. But for the purpose of this 
argument it is only necessary to know that in nearly all deep-seated eruptive 
rocks and their magmas ferrous oxide is much more abundant than ferric 
oxide. 

The second point in the argument follows from the familiar observation 
that the silicates that crystallize at an early stage from gabbroic magma, 
namely olivine and various pyroxenes, contain a much smaller proportion of 
FeO to MgO than the magma as a whole. Since no independent ferrous 
mineral is formed, there must be a relative concentration of FeO in the 
residual liquid—the “last juice” as Geijer called it—along with soda, silica, 
water, and other soluble oxides. C. N. Fenner argued effectively in 1931 
that the residual liquid from basaltic magma must be enriched with iron, but 
he did not make it clear that the enrichment refers to ferrous oxide, not 
necessarily to ferric oxide. For our argument this is the crux of the matter. 
If the residual liquid is alkaline, as any solution must be which contains 
strong cations and weak silica-alumina anions, then the iron can only be 
present as a hydrosol of ferrous hydroxide, peptized by the alkali. We must 
therefore conclude that the residual solution from gabbroic magma does not 
contain magnetite (as so many writers have alleged) but contains a ferrous 
hydroxide hydrosol. 

The third point is concerned with the oxidation of ferrous hydroxide to 
magnetite. Atmospheric oxidation is excluded in deep magma, but another 
process is possible, namely self-oxidation. The hydrosol loses water and 
the hydroxide oxidizes itself to magnetite according to the equation 


3Fe(OH), = Fe,O, + 2H,O + H,. 


For each molecule of magnetite formed, a molecule of hydrogen is expelled. 
Water and hydrogen escape without trace, and only solid magnetite remains 
with nothing to show how it got there. This is no hypothetical reaction. 
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Although seemingly unknown to geologists, the reaction has been demon- 
strated in the course of investigation of the corrosion of iron boilers. Berl 
and Von Taack* have reported the following experiment : 


(Translation.) When ferrous hydroxide, carefully prepared in absence of air, 
was heated with water in an air-tight bomb under pressure, a considerable quantity 
of hydrogen was formed and the green powder became black. On analysis it 
showed 89 per cent of Fe;O, and 10 per cent of FeO. 


In view of the well known instability of ferrous oxide such a result might 
have been expected. Similar behavior has been observed with manganous 
and cobaltous hydroxides. 

If TiO, and Cr,O, or V,O, were present in the residual liquid (the first 
as a hydrosol, the others perhaps in true solution), they would be deposited 
to some extent along with the ferrous oxide, yielding titaniferous magnetite, 
chromiferous magnetite, or vanadiferous magnetite. There is no reason to 
suppose that these oxides would all be deposited in the same proportions at 
every stage of the process; at one stage the product may contain more ti- 
tanium, at another more chromium. In the Bushveld complex the lower ore 
horizon is chromiferous, the upper horizon titaniferous. 

This view of the genesis of intrusive ores of the magnetite type depends 
only on the facts of field geology, petrology, and chemistry. It is free from 
the magical element which is introduced by the customary assumption of 
unknown “mineralizers” and “volatile agents.” It is highly desirable that 
the dehydration of ferrous hydroxide should receive further experimental 
study to establish the limits of pressure and temperature between which mag- 
netite may be formed. 

CotumBIA UNiversity, New York, 

3 July 1947. 
1 Berl, E., and Von Taack, F.: Uber die Schutzwirkung von Natriumsulfat bei der Ein- 


wirkung von Laugen und Salzen auf Flusseisen unter Hochdruck. Archiv fiir Warmewirt- 
schaft, Jahrgang 9, p. 168, 1928. 
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ABSTRACT. 


Some tin-tungsten lodes are described from the Eastern Desert of 
Egypt. The veins traverse metamorphosed rocks, diorites and gray 
granites that lie in the neighborhood of a mass of pegmatitic granite. The 
mineral contents of the veins as well as their wall rock alterations are 
described and they indicate that the ore fluid left the magma in an alkaline 
condition and continued alkaline until a gas phase was formed when the 
temperature-pressure balance was interrupted along the fracture lines. 
When this interruption was finished the fluid became alkaline again. The 
deposit presents some vertical and horizontal zonal arrangements of 
minerals. 
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INTRODUCTION, 


Durtnc the war, in 1940, the prospecting and exploitation of the tin-tungsten 
deposits in Egypt was activated. The Department of Mines of Egypt started 
research on the Igla area in order to evaluate the deposit in the _Igla Mine and 
the neighboring Mines of Nabih and Abu Dabbab. 
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Fic. 1. Key map of area examined. 


The Igla Mine is situated 22 km from the Red Sea coast (40 km by road), in 
the Eastern Desert of Egypt, at Lat. 25° 6’ N. and Long. 34° 38’ 40” E. (Fig. 2). 
During the study of Igla Mine, the Nabih and the Abu Dabbab Mines were dis- 
covered nearby and both are now being tested. The Nabih Mine is situated 
North of the Igla Mine, 30 km from the Red Sea coast, at Lat. 25° 12’ 20” N. 
and Long. 34° 31’ 00” E. (Fig. 2). The Abu Dabbab Mine, north of the 
Nabih Mine, is 20 km from the Red Sea coast, at Lat. 25° 20’ 27” N. and 
Long. 34° 32’ 20” E. (Fig. 2). The three mines are situated about 250 km 


from the Nile Valley. They are connected with Idfu on the Nile by a motor- 
road (Fig. 1). 
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The occurrence of these mineralized localities in this area was investigated 
by the author and a rapid traverse was made in the area surrounding them. 
Ferrar examined the same area in 1907, and his notes were published by Hume 
(9)... To this text is appended a sketch geological map (Fig. 2) of the 
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Fic. 2. Sketch geological map of area examined. 


area based on the rapid traverse made by the author. This confirms the ob- 
servations made by Ferrar. The rock-formations of this area (2) have been 
studied in detail only in the vicinity of the mines, where facilities of water 
supply, transport, and camping are obtained. The country rocks consist of 


1 Figures in parentheses refer to Bibliography at end of paper. 
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metamorphosed rocks, diorite, and gray and pink granites. The metamor- 
phosed rocks are composed of greenstones, chloritic mudstones, and diabases 
and have been injected by granites on a vast scale. Diorites are formed in 
close association with the granites. The granites and diorites enclose relics 
of the metamorphosed rocks, of various sizes and shapes, whose gradation in 
composition to diorites and mineralogical reconstruction suggests that in the 
formation of diorites metasomatism and assimilation played a part in the 
_implacement process. The distribution of diorites, in relation to the granites 
on one hand and to the diabases and greenstones on the other hand, suggests 
that at least part of the diorites was produced by assimilation and metasoma- 
tism. 

The granites may be divided into older gray granite and younger pink 
granite. The latter is a pegmatitic variety rich in potash and silica, whereas 
the former is albitic. The albite in the gray granite is replaced by orthoclase 
and quartz forming a pink pegmatitic granite. This relation is proved in the 
field and under the microscope (2). The country rocks were fractured and 
mineralized by tin-tungsten-fluorite minerals. Finally, hypabyssal dikes of 
intermediate to acid composition were intruded into the mineralized country 
rocks. 

The tin-tungsten-fluorite deposits were studied in detail, and stages of 
pegmatitic-, hypothermal-, and mesothermal-mineralization may be distin- 
guished by their different mineral facies. The sequence of mineralization as 
determined by petrographic study of the different deposits is as follows: feld- 
spars, topaz, yellow mica, tourmaline, cassiterite, wolframite, fluorite, serici- 
tite, chlorite and carbonate. Quartz is more or less deposited continuously. 
The mineral contents of the veins and the nature of the wall-rocks alteration 
indicate that the mineralized fluids left the source-magma and continued for 
some period in an alkaline state. This is in-support of Graton’s alkaline theory 
of ore forming fluid (8). Along the fracture lines, the temperature-pressure 
relation was not in balance. Therefore, the fluid boiled and a gas phase of acid 
nature interrupted the alkaline state of the fluid. This interruption ceased 
when the temperature-pressure balance was established. Thus, according to 
Buddington (4) and as confirmed by Graton (8) the deposit may be classed 
as a xenothermal deposit. 


PREVIOUS WORK. 


The country rocks of this area were briefly described by Ferrar and Hume 
in 1907 (9). They did not refer to the occurrence of the tin or tungsten. The 
occurrence of these minerals was first described by the inspectors of the Mines 
Department in 1940 and then by the Geological Survey in 1943 (11). 


THE COUNTRY ROCKS. 


The country rocks represented in this area consist of metamorphosed 
rocks, diorites, gray and pink granites. 

The country rock in Abu Dabbab, the most northern locality studied, is 
formed of thermally metamorphosed greenstones interbedded with chloritic 
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mudstones, in places conglomeratic. These strike north-south with nearly 
vertical dip. They are intruded by a muscovite aplitic granite whose contacts 
are traversed by the veins of tin and tungsten. The country rock of the 
Nabih Mine, which is 20 km southwards, is formed of massive metamorphosed 
greenstones intercalated with altered and hornfelsed dolerites (diabases). 
They are injected by pegmatites, leucocratic granite dikes and veins of tin. 
No massive granite is encountered except at 5 km east of the mine. In the 
Igla Mine which is 20 km south of the Nabih Mine, the thineralized veins 
cross the contact between the gray-granite-diorite mass and the metamorphosed 
rocks are formed of intercalated greenstones, chloritic or pure mudstones, and 
diabases. These mineralized country rocks are traversed by acidic to inter- 
mediate dikes that strike northwesterly. 

A general survey of the country shows that granites, either pink or gray, 
form huge masses intruded into the metamorphosed and altered dolerites 
(diabases), greenstones, etc., which have been metamorphosed and hydro- 
thermally altered by the granites. The granites consist of a pink pegmatitic 
variety, a pink granite forming the conspicuous hills of Igla el Ahmar and 
Tarafi which rise to 682 and 434 m respectively above sea level, and the 
gray granite forming the relatively low hilly country. The pink granite forms 
masses a few meters up to some kilometers across, intruded into the gray 
granite. This relation is best illustrated on the side of the Igla Mine towards 
the Red Sea coast. The contact between the gray and the pink granites is not 
of the ordinary intrusive type but similar to contacts of pegmatites in granites. 
In places, the contact can hardly be detected except for a change in the color 
and texture of the rock. There are no contact features which indicate that 
the gray granite had been cooled and invaded by pink granite. Also the 
occurrence of “patchy rocks” formed of gray granite groundmass with spots, 
patches, or veinlets of pink granite in it suggests that, although distinct in color, 
texture, and mode of occurrence, both rocks are phases of the same magmatic 
cycle. The gray granite is an orthomagmatic phase and the pink granite is 
a pegmatitic phase. The conspicuous Gabal Igla el Ahmar rises from a low 
hilly country of gray granite, diorite and metamorphosed rocks. 

The diorites are thoroughly mixed and interpenetrated with the gray 
granites. Their contacts are irregular, “saw-toothed,” and studded with 
apophyses and inclusions of one into the other. This association is clearly 
shown in the Igla Mine and has been described by Ferrar (9) who noted 
that “the country passed through was diorite with isolated hills of gray and 
pink granites which seemed to be intruded into it.” The occurrence of islands 
of granite in diorites and of islands of diorite in granite whose boundaries 
merge into the surrounding rocks or form nebulitic “ghost-like” inclusions, 
suggests that the diorites were not only mechanically invaded by granites but 
that there is a genetic relation between the granites and diorites. Further- 
more, the diorites and granites enclose lenticular or irregular island relics 
of diabases and greenstones up to 40 meters in length. These are either 
surrounded by, or completely reconstituted into, dioritic rocks with an inter- 
mediate composition and texture between diorite and diabase or greenstone. 
The diorites are assumed to represent, at least in part, an intermediate stage 
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in the metasomatic replacement of the metamorphosed country rocks by the 
granites. At the Nabih Mine, the diorites are not as well represented as at 
Igla, where the country rocks consist chiefly of diabases and greenstones 
with some diorites. The granites are poorly represented. Only pegmatites, 
aplites and leucocratic granite dikes traverse the country rocks. These are 
xenolithic, showing the exploding bomb structure as compared with the 
floating ice structure of xenolithes in gray granites. 
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Fic. 3. Geological map of the tungsten fluorite lodes of the Igla Mine. 


The metamorphosed rocks consist of altered dolerites (diabases) and 
greenstones formed essentially from the decomposition products of basic rocks. 
The latter are intercalated with chloritic mudstones. At the Igla Mine, the 
metamorphosed rocks lie at the contact of the diorite-granite mass (Fig. 4). 
Some of the diabases and greenstones are caught up in them as described above. 
The mineralized veins occur mainly along that contact. These rocks are 
only slightly foliated or bedded near the mine but some 10 km southward they 
show clear bedding planes, with a northeasterly strike and a gentle south- 
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At the Abu Dabbab Mine, the greenstones and diabases are of minor extent 
and the impure chloritic mudstones and conglomerates are abundant. These 
are bedded with a northerly strike and vertical dip. 


METALLIZATION. 
The country rocks are cut by: 


(1) Micropegmatite veins. 
(2) Feldspar veins. 

(3) Tin-tungsten veins. 
(4) Fluorite veins. 

(5) Quartz-calcite veins. 


Mode of Occurrence. 


The tin-tungsten lodes are mostly limited to the metamorphosed rocks, 
or at their contacts with granite. The other veins mostly occur in diorites and 
granites. At the Igla Mine, the tin-tungsten veins occur chiefly at the con- 
tact of granite and the metamorphosed rocks. At the Nabih Mine, the tin 
lodes occur in diabases or greenstones, but at the Abu Dabbab Mine, the tin- 
tungsten lodes lie at the contact of the aplitic intrusion with the metamorphosed 
rocks. 


Mineralized Bodies. 


(1) The micropegmatite veins are milky white in color, 2 to 30 cm in 
thickness, strike 110° and dip 40° to 50° westward. Their closest association 
is with normal pegmatites and next with granites, from which they are dis- 
tinguished by their occurrence only as veins and by their milky white color. 
The veins are non-persistent and lenticular and traverse diorites, which are 
clotted and bleached. 

(2) The feldspar veins are generally associated with the micropegmatites 
from which they may be distinguished by their brittle and creamy color. 
They also occur as veins from 10 to 20 cm in thickness, which are just as 
lenticular and non-persistent as the micropegmatites. They occur mostly in 
the same clotted and bleached diorites. 

(3) The tin-tungsten veins are mostly fissure-fillings and consist mainly of 
massive quartz with wolframite and/or cassiterite, yellow mica, and other 
minerals. They are well-defined tabular bodies with clear cut walls and uni- 
form strike and dip. The contacts of the veins and the wall rock are sharp 
and straight. The veins range in thickness from a few centimeters to 1.5 mm. 
Their strike length reaches about 800 meters, but no extensive underground 
work has been done to determine their vertical extension. Some veins have 
limited extension both laterally and vertically. At the Igla Mine, the lodes 
traverse the contact of the metamorphosed rocks and the granites. But the 
rich lodes occur in the metamorphosed rocks. The other veins are low 
grade. The veins do not change in strike or dip as they traverse the contact 
between the metamorphosed rocks and granites. At the Abu Dabbab Mine, 
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the lodes also cross the contact between the aplitic intrusion and the meta- 
morphosed rocks, without change in strike or dip. The lodes mostly have 
suffered little deformation since they were formed. They are only locally dis- 
located by faults with displacements of 3-4 meters. 

(4) The fluorite veins are generally non-persistent and lenticular, with 
a maximum thickness of 40 cm and a few meters in length. The veins con- 
sist of massive fluorite and quartz, and where they thin out become mixed with 
the country rock. Fluorite veins traverse both the granites and diorites. 
In the latter, the wall rock alteration is more pronounced than in the former. 

(5) The quartz-calcite veins consist of a central calcite band measuring 
15 cm in thickness, with lateral massive barren quartz on either side. This 
quartz-calcite is surrounded by brecciated and altered diabase on either side. 
The quartz-calcite veins traverse diabase relics caught up in the granite. 
Their extension traverses also the granite without change in strike or dip. 
These veins are few and were only recorded once in the Igla Mine. 


The Mineralized Fissures. 


The micropegmatite-, feldspar-, and quartz-calcite-mineralized fissures have 
a strike varying from 80° to 155° with a very flat dip. The fluorite and tin- 
tungsten lodes of the Igla and Nabih Mines have a consistent strike of 45° to 
60° and dip of 70° to 75° E. The thin veins have flat dips. The tin- 
tungsten veins of the Abu Dabbab Mine, however, strike north and dip 40°-75° 
E. In other words ,the most persistent mineralized fissures in the Igla and 
Abu Dabbab Mines have a northeasterly strike and dip 70°-75° E. These 
are mineralized with tin-tungsten and fluorite, whereas the less persistent 
mineralized fissures filled with micropegmatites, feldspars and quartz-calcite, 
have a variable strike and dip. The northeasterly strike of both Igla and 
Nabih is the characteristic direction of the major joints and bedding planes of 
the metamorphosed rocks. As described before, the country rocks of the 
Igla and Nabih Mines are traversed by two sets of joints. The northeasterly 
striking one is more pronounced than a northwesterly one. Therefore, the 
direction of the mineralized fissures is a regional tectonic line in the Igla 
and Nabih. Moreover, the strike of the mineralized fissures coincides with 
the strike of the metamorphosed country rocks and the joints prevailing there. 
Furthermore, it should be noted that: (1) The joints are formed in the 
metamorphosed rocks, diorites, granites and even in the aplites, therefore, 
later than the latest magmatic phase. (2) The joints are uniform in the 
granites, irrespective of the form of the intrusion extending for a distance of 
20 km. (3) The joints and the ore-bearing fissures pass uninterrupted 
from the granite to the greenstones, diabases, etc., for a long distance. This 
precludes the possibility of the relationship of these joints to any primary 
igneous structure, for the fractures of the latter kind are apt to change in 
strike and dip and vary in direction with the contacts. Therefore, it is as- 
sumed that the tin-tungsten, fluorite fissures have been produced by the 
action of a regional stress, whose direction was northeasterly in the Igla and 
Nabih Mines. This direction was slightly diverted to a north direction in 
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the Abu Dabbab area. This regional stress direction has controlled the 
formation of the quartz-gold lodes of the Um el Rus Mine and Abu Dabbab 
gold Mine which occur in the same country and have the same strike. 


Types of Mineralization. 

It is interesting to follow the successive changes in the course of differenti- 
ation of the mineralized fluids. There are some micropegmatite veins and 
feldspar veins that represent the link of the pegmatitic and the hydrothermal 
stage. These are followed by the hypothermal mineralization of the tin- 
tungsten-fluorite deposits. Then follows a mesothermal mineralization, super- 
imposed on the hypothermal type and forming also separate quartz-calcite 
veins. Both the hypothermal and mesothermal mineralizations could be classed 
together in the classification of Bateman (3) as “cavity-filling, fissure veins 
types.” Nevertheless, they show some replacements of minor importance. 
The supergene mineralizations are superimposed on the previous mineraliza- 
tions. They include the deposition of hematite, limonite, MnO, crysocolla, 
and malachite, which fill the crevasses and vugs in the mineralized bodies. 

Micropegmatites and Feldspar Veins—The micropegmatites may be 
grouped with the normal pegmatites, but their common association with 
feldspar veins, their occurrence only as veins and their simple mineralogy, 
distinguish them from the normal pegmatites. They are ill-defined veins and 
consist of milky crystals measuring two to three centimeters in length of 
graphic quartz-feldspar, cemented by barren milky quartz. The graphic inter- 
growth is between quartz and orthoclase or quartz and microcline. The 
feldspars are generally kaolinized. No ore mineral is recorded in these 
micropegmatites. 

The feldspar veins consist of massive brittle rock, white in color, with a 
yellowish tint from the presence of disseminated yellow mica. The feldspar 
rock contains vugs measuring a few millimeters to 1 cm in diameter and 
consists of coarse orthoclase with some albite, yellow mica, calcite and quartz. 
The orthoclase crystals are 1-2 cm in length, forming the main part of the 
vein. The other minerals occur mostly in the interspaces. The albite forms 
small crystals. Both the orthoclase and albite are kaolinized and partly re- 
placed by coarse sericite (Fig. 5). The yellow mica is pale yellow in color 
with Nm = 1.560 and 2V = — 40° “Lepidolitic” (17). It forms fan-shaped 
rosettes which occur chiefly in the interspaces of the orthoclase crystals, but 
also within the feldspar itself and replacing it. Calcite is found also in the 
interspaces and replaces both the feldspars and the yellow mica (Fig. 6). 
Quartz occurs only as secondary irregular blebs in the orthoclase crystals. 
Both the micropegmatite veins and the feldspar veins traverse clotted diorites. 
The diorites are also bleached by the hydrothermal solutions as described 
under wall rock alterations. Both the micropegmatites and the feldspar veins 
differ from the main hypothermal mineralized veins of tin and tungsten by 
their dominant orthoclase, less intense wall rock alteration, ill-defined and 
irregular vein shape and flat dips. 

Hypothermal Mineralization—This includes the tin-tungsten mineralized 
veins. They are well-defined tabular bodies, regular in strike and dip, and 
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Fic. 5. <A feldspar rock from the Igla Mine, with large orthoclase crystal (or), 
sericite (s), yellow mica rosettes (m), albite-feldspar (fp) and carbonate (ca). 
The orthoclase is replaced by sericite and yellow mica, the albite is replaced by 
carbonate. X-nicols, X 16. 

Fic. 6. Same rock shown in Fig. 5 with yellow mica (m), sericite (s), albite- 
feldspar (fp) and carbonate (ca). The albite-feldspar is replaced by carbonate 
(black) and by sericite. X-nicols, X 32. 
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generally form groups of parallel veins. The tin veins cross aplite dikes, indi- 
cating the relative age of the hypothermal veins to the aplites. Fluorite veins 
are also included here but they are of relatively limited occurrence. Three 
veins only were recorded in the Igla Mine, but fluorite itself is present as a 
gangue mineral in many tin-tungsten lodes. 

The tin-tungsten lodes.—In these veins, the primary hypothermal ore 
minerals are cassiterite and wolframite and the gangue minerals are: quartz, 
yellow mica, topaz, tourmaline, albite and fluorite. These are associated with 
the mesothermal sericite, chlorite and calcite and the supergene minerals of 
hydrated iron oxides, manganese oxides, kaolin, malachite, azurite and 
chrysocolla. The primary ore minerals, the other gangue minerals and the 
supergene minerals are not necessarily present in every vein, but there are 
lodes with cassiterite or wolframite alone or both with only tourmaline or 
topaz or any other association. Yellow-mica, quartz and fluorite are more 
or less present in all the lodes. The veins are formed of massive quartz with 
the other minerals banded or embedded in it. 

Cassiterite occurs most commonly along the edges of the veins as a crusti- 
fied mass, filling the interspaces between tourmaline crystals or topaz, if 
present. In some rare cases, it is embedded in the massive quartz. The 
cassiterite crystals may attain large size up to 6 cm in length as in the Abu 
Dabbab Mine, but the average length is 1.5 cm. The crystals obtained from 
the Nabih Mine and Abu Dabbab Mine show beautiful zoning (Fig. 7). The 
growth-zones are added on the side filled by massive quartz indicating the 
direction of flow of mineralizing fluids (12). The cassiterite crystals may 
occur in such abundance that they fill the thin fractures, so a solid cassiterite 
vein is formed. 

W olframite, contrary to cassiterite, is found most commonly embedded 
in the massive quartz rather than on the sides of the vein. Tabular crystals 
of wolframite measure up to 10 cm in length, with an average length of 3-4 
cm. The veins show banded structure, formed by the successive crystalliza- 
tion of the minerals: yellow-mica, cassiterite, tourmaline, topaz, fluorite and, 
rarely, wolframite. These are attached to the walls of the vein, with a central 
filling of massive quartz. Wolframite is mostly embedded in this quartz. 
Comb-structure formed of euhedral crystals of tourmaline (Fig. 12), topaz 
or cassiterite is perfectly represented. 

Yellow-mica forms flakes of golden yellow color with an average size of 
0.5 cm in diameter. It is a “zinnwaldite”’ with a Nm = 1.588-1.595 and 
2V = —38° as determined on the universal stage. The flakes occur mainly 
attached to the wall rocks and form a sheath for the hypothermal veins of 
tin-tungsten and fluorite-lodes, but are absent from the other mineral veins. 
A related type of mica of pale yellow color “lepidolite” occurs in the feldspar 
veins, but not attached to the wall rocks. The flakes are elongated and per- 
pendicular to the wall rock (Fig. 8). The lamina in places are aggregated 
into fan-shaped rosettes (Fig. 9). Commonly, the vugs and cracks in the 
massive quartz contain a pale yellow mica with a lower refractive index, 
with Nm = 1.575-1.588. Therefore, the yellow mica has a wide range of 
crystallization. Yellow mica replaces topaz crystals if present together, as 
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Fic. 7. 
of cassiterite. X 16. 


Cassiterite crystal in massive quartz (qz) showing the zonal growth 


Fic. 8. Greisen formed at the contact of a tin-tungsten lode at the Abu Dabbab 
Mine. The wall rock is replaced by sericite, fluorite and sphene. The greisen zone 
consists of fluorite (F), sericite (s) and yellow mica (m), followed by yellow mica 
sheath.  X 16. 
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Fic. 9. Greisen formed at the contact of a tin-tungsten lode and greenstone 
from the Abu Debbab Mine, with yellow mica (m), fluorite (F) and topaz (tp). 
The yellow mica is replaced by fluorite along cleavage and the topaz is replaced 
by yellow mica. X 16. 

Fic. 10. Greisen formed at the contact of a tin-tungsten lode at the Abu 
Dabbab Mine, with topaz (tp), yellow mica (m) and sericite. Topaz is replaced 
by yellow mica and by sericite. X-nicols, X 16. 
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in the Abu Dabbab lodes (Figs. 9,10), but it is replaced by fluorite especially 
along cleavage (Fig. 9). 

Tourmaline forms columnar crystals measuring 4 cm in length and lies 
elongated and perpendicular to the vein walls (Fig. 12). It is either color- 
less, pale yellow or pale brown with few bandings. Generally tourmaline is 
rare or scarce in tungsten lodes, but more common in tin lodes. Neverthe- 
less, it is not essentially present, as in the Abu Dabbab tin lodes where topaz 
takes its place. Also at Nabih no tourmaline or topaz is present in the tin 
lodes. 

Topaz was recorded only in the Abu Dabbab tin-tungsten lodes. Topaz 
crystals are yellowish buff in color, measuring up to 3 cm in length and up 
to 2 cm in diameter. The topaz forms a comb-structure. Under the micro- 
scope, it is colorless with positive sign, 2V = 61.5, and-Nm = 1.618 equivalent 
to a composition of Al,FAISiO, with 9-10% of Al(CH),AISiO,. The 
topaz is replaced by yellow mica and by sericite (Fig. 10). 

Fluorite is present as a gangue mineral associated with both tin and tung- 
sten, but is rather common in the tungsten lodes. It replaces the yellow . 
mica along cleavage and also in the albite (Fig. 11). 

In spite of the general similarity of the tin-tungsten lodes, they show some 
variations in (a), the mineral assemblage and their proportion in the three 
different deposits of Igla, Nabih and Abu Dabbab; (b), the minerals of the 
different veins of the same deposit; (c), the minerals of the same vein but 
at different levels. 

In case (a), the lodes in the Nabih Mine are formed of cassiterite with 
the gangue minerals of quartz, yellow mica and fluorite, but at both Igla and 
Abu Dabbab, the lodes contain cassiterite and wolframite with various gangue 
minerals. Since the geological conditions are generally similar at these three 
localities, the logical explanation for the lack of wolframite in the Nabih lodes 
is due to regional difference in the composition of the mineralized fluids. 
Also, if the tin lodes in the three localities are compared, it is noticed that at 
Nabih the gangue minerals are yellow mica, fluorite and quartz; at Igla, they 
are yellow mica, fluorite, quartz and tourmaline; at Abu Dabbab, they are 
yellow mica, fluorite, quartz and topaz. 

The absence of tourmaline or topaz from the Nabih may be ascribed to the 
nature of the wall rock, since it is mostly diabase and greenstone at Nabih, 
and chloritic mudstones at Igla and Abu Dabbab. Tourmaline and topaz, 
being aluminous minerals, are rather common in aluminous country rocks. 

Also the formation of either topaz or tourmaline in Abu Dabbab or Igla 
respectively is ascribed to some regional difference in the nature of the miner- 
alized fluids. 

In case (b), in the Igla Mine as well as in Abu Dabbab Mine, the different 
veins are not of similar composition, but show different mineral association. 
For example, in Igla the veins can be arranged into four classes (Fig. 13): 


A. Barren or very poorly mineralized veins. 
B. Tin mineralized veins. 

C. Tungsten mineralized veins. 

D, Fluorite mineralized veins. 
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Fic. 11. Greisen formed at the contact of a wolframite lode and diabase from 
the Igla Mine, with albite-feldspar (fp), yellow mica (m), sericite (s), fluorite 
(F) (black). The albite and yellow mica are replaced by fluorite. Sericite re- 
places albite also. X-nicols, X 32. 

Fic. 12. Comb-structure of tourmaline (T) in quartz (qz). Cassiterite is 
found in interspaces of the tourmaline crystals at the border, yellow mica (m) 
forms a sheath on the border also. Full size. 
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Fic. 13. Distribution of the mineralized veins in the Igla Mine subdivided 
into 4 groups: A. Barren or poorly mineralized veins; B. Tin mineralized veins ; 
C. Tungsten mineralized veins; D. fluorite veins. 
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This arrangement of mineralized veins containing different minerals is 
explained by the lateral zonal distribution of minerals. 

In case (c), in Abu Dabbad lodes, the same vein does not show the same 
minerals at different levels. For example, a vein which contains tin in lower 
levels is followed upwards into higher levels where wolfram predominates. 
The gangue minerals remain more or less unchanged. This vertical variation 
of minerals in the same vein is ascribed to the vertical zonal arrangement of 
minerals. 

The fluorite lodes. The fluorite mineralized veins are poorly formed in 
these deposits. In the Igla Mine, their only occurrence, they form lenticular, 
non-consistent veins injected in diorites and granites. The diorites have 
suffered extensive wall rock alteration, and the granites less so. 

The vein consists of massive quartz and fluorite. Fluorite is mostly found 
in the center of the vein but in places is attached to the wall rock, with a 
band of yellow mica at the contact. The quartz and fluorite contain vugs 
filled with calcite or quartz. The color of the fluorite is mostly blueish green 
and transparent, but where the vein thins out, or at the contact with the wall 
rock, it may be red or different shades of yellow. Under the microscope, 
fluorite is seen to be replaced by quartz, mainly along the cleavage (Fig. 14). 
The replacing quartz is generally fine-grained at the contact, then away from 
the contact becomes coarser, and finally quartz-druses occur with quartz 
crystals arranged in radial form. The wall rocks of the fluorite veins are 
in places brecciated and the fragments are cemented by fluorite deposited di- 
rectly on them; they are also replaced by quartz (Fig. 15). This determines 
that the sequence of crystallization is fluorite then quartz. 

These hypothermal tin-tungsten-fluorite bodies are fissure-filling deposits. 
The deposited minerals are arranged from the contact towards the center of 
the vein in the order of deposition. Yellow mica is deposited at the contact, 
tourmaline or topaz crystals point towards the center of the vein forming 
comb-structure, then cassiterite ore is deposited in their interspaces. Then 
massive quartz fills the open center of the vein. This is interrupted by the 
deposition of wolframite, which is embedded in the quartz. The deposition 
of minerals by fissure-filling is accompanied by some limited replacement 
in which a little wall rock is replaced by yellow mica, fluorite, topaz and 
rarely cassiterite. This replacement zone has a maximum thickness of 5 
cm in the thickest veins. It is termed the greisen zone and is described under 
wall rock alterations. The replacing minerals are relatively finer in grain 
size than those deposited in the open fissures. 

Mesothermal Mineralization.—This is either superimposed on the hypo- 
thermal mineralization, or gives rise to separate quartz-calcite veins. The 
mesothermal minerals are common in the tin-tungsten veins and consist of 
sericite, chlorite, calcite and quartz. Thus the earlier hypothermal minerals 
are commonly replaced by the later mesothermal minerals or groups of them. 
Sericite replaces the pegmatitic-hypothermal feldspar (Fig. 5) and topaz 
(Fig. 10); it also replaces yellow mica and the greisen wall rock. Calcite 
replaces both feldspars and yellow mica in the feldspar veins (Fig. 6) and also 
fills vugs in different veins. Quartz replaces fluorite (Figs. 14, 15). 


















A TIN-TUNGSTEN DEPOSIT IN EGYPT. 





Fic. 14. Fluorite rock from the Igla Mine, replaced along the cleavage by 
quartz (qz), fluorite (F). x 16. 

Fic. 15. Brecciated wall rock of fluorite vein from the Igla Mine, with fluorite 
(F) deposited on the border of the fragments, then fluorite is replaced by quartz 
(qz). X16. 
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The mesothermal mineralization has also given rise to a quartz-calcite 
vein in the Igla Mine consisting of a calcite center 16 cm in thickness with 
lateral bands of barren quartz. The quartz-calcite vein traverses a diabase 
relic caught up in gray granite. The wall rock is brecciated and is not 
greisenized as in the hypothermal veins but is cemented and replaced by 
calcite, sericite, and chlorite. Evidently this vein represents mesothermal 
mineralization that took place later than the pegmatitic and hypothermal ones. 

Thus, upon earlier high temperature mineralization, was superimposed, in 
a number of localities, a definitely later mineralization consisting of sericite, 
chlorite, quartz and calcite. The occurrence of these minerals in separate 
veins is sporadic and is recorded only in the Igla Mine. Also barren quartz 
veins, which are assigned to this mineralization, occur in abundance in the 
Igla Mine in the form of stockworks and veinlets (Fig. 13, group A). The 
quartz is barren and has only a little sericite alteration along the wall rock. 

Supergene Mineralization—The mineralization period was closed by the 
deposition of supergene minerals. These are the manganese oxides, limonite, 
hematite, azurite, malachite and chrysocolla. The latter three minerals are 
mixed with chalcocite and are formed mainly along fractures in quartz. These 
minerals are generally formed in the vugs or as encrustations on the sides of 
fractures. 


Wall Rock Alteration. 


The effect of mineralization has extended beyond the fractures and the 
wall rocks of these fractures have been extensively altered. The intensity of 
alteration generally increases towards the vein. The magnitude of alteration 
depends upon the thickness of the vein. On the bases of difference in inten- 
sity of alteration, feeble, intermediate, and intense zones are distinguished, 
which merge gradually into each other. The intense alteration zone has a 
maximum thickness of 4-5 cm, the intermediate zone is 20-30 cm, and the 
feeble zone extends for some meters away from the vein. The intense zone 
is usually called the greisen, since it is extensively altered by the mineralized 
fluids which deposited topaz, flourite and yellow mica (Figs. 8, 10). The 
fresh country rocks, as described before, consist of diorites, diabases, green- 
stones, chloritic mudstones and granites. 

Diorites—The fresh diorites away from the mineralized veins are green 
in color with conspicuous brown hornblende crystals measuring up to 4 mm 
in length, white milky oligoclase, magnetite and rarely a little quartz. The 
diorites are traversed by fluorite-, micropegmatite- and feldspar-veins. Along 
the fluorite veins, in the feeble zone, the diorite is little affected. The horn- 
blende is green in color, and nearly fresh except for a little chlorite. The 
plagioclase feldspar is partly altered to sericite. In the intermediate zone, 
which is about 15 cm in thickness, the hornblende is replaced nearly completely 
by chlorite “peninite” with bright blue interference colors, a positive sign, 
and negative sign of elongation. The chlorite contains sphene crystals 
liberated from the decomposed hornblende arranged along the cleavage of the 
chlorite plates. Also the chlorite contains epidote and hematite. The plagio- 
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Fic. 16. Altered diorite from the Igla Mine, with feldspar replaced by sericite 
(s), hornblende replaced by chlorite (ch) and hematite. Angular quartz (qz) 
crystals are liberated during alteration. X 16. 

Fic. 17. An altered diorite from the Igla Mine, with chlorite (ch), sericite 
(s), and quartz (qz). The chlorite is replaced by sericite and quartz is liberated 
as blebs. X-nicols, X 32. 
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clase is thoroughly replaced by sericite and quartz which are of secondary 
origin. The quartz is liberated as angular crystals with a graphic texture 
(Fig. 16). Ilmenite is replaced by sphene. Nearer to the veins, the quartz 
increases in amount, the chlorite replacing the hornblende becomes nearly 
isotropic and is replaced by sericite. Thus, the percentage of sericite increases 
extensively in the rock, but the original structure is still preserved. In the 
intense zone, the diorite consists of a structureless mass of sericite with relics 
of chloritic pseudomorphs, angular quartz crystals, scattered hematite, fluorite 
and sphene which are especially found in the chlorite relics (Fig. 16). 

The diorite wall rock of the micropegmatite- and feldspar-veins is al- 
tered in the same way. The rock is bleached and its hornblende becomes paler 
in color. The hornblende crystals lose their outline and are replaced by peni- 
nite with liberated sphene and epidote. The peninite is also replaced by 
sericite flakes and veinlets and by calcite, with liberation of quartz (Fig. 17). 
The plagioclase is completely replaced by sericite, kaolin, and secondary angular 
quartz crystals with graphic appearance. 

Diabases.—The term diabase is used for dolerites which were altered by 
metamorphism or by hydrothermal alteration. The diabases present away 
from the mineralized veins consist of hornblende plagioclase, decomposed 
ilmenite and magnetite. The hornblende is the pale green actinolitic variety ; 
it retains relics of the original diallage structure which is presumed to be in- 
herited from the original pyroxene. The hornblende contains apatite inclu- 
sions and magnetite grains. The plagioclase feldspar is rather fresh with, few 
sericite flakes which are more abundant in the core of the crystal. The feld- 
spar is Ab50 An50 (17). The ophitic texture of the rock is still preserved. 
Some of the diabase has a fine texture indicating an original doleritic basalt 
(Fig. 18). 

The diabases are traversed by several tin-tungsten veins of the hypothermal 
mineralizations and quartz-calcite veins of the mesothermal mineralizations. 
Diabase wall rocks of the tin-tungsten veins in the feeble zone consist of de- 
composed plagioclase pseudomorphs measuring 6 mm and actinolitic horn- 
blende measuring 0.2 mm. The original sub-ophitic texture is in places pre- 
served. In the intermediate zone, at about 20 cm from the vein, the horn- 
blende is replaced by pale brown mica “phlogophite” (Fig. 19) or by tremolitic 
amphibole. The feldspar is completely replaced by sericite. The structure of 
the rock is less preserved. In the intense zone, 3 cm from the vein, the diabase 
is completely replaced by sericite, fluorite and quartz, or by sericite, phlogo- 
pite, fluorite and yellow mica. The original sub-ophitic texture is lost. 

The diabase wall rock of the mesothermal quartz-calcite veins is altered 
in a different manner. In the feeble zone (Fig. 20) the diabase is bright green 
in color. The original ophitic texture is weakly preserved, the plagioclase 
lathes are cracked and partly replaced by sericite, and the cracks are filled 
with isotropic chloritic matter and hematite. The hornblende is blueish green 
in color and partly altered to peninite with liberation of leucoxene, hematite and 
epidote. Ilmenite is replaced by leuocoxene and is abundant. In the inter- 
mediate zone, 50 cm from the vein, the rock becomes rusty brown. The origi- 
nal ophitic texture is hardly distinguished. The feldspars are completely re- 
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Fic. 18. Altered doleritic basalt from the Igla Mine, with poikilitic lathes of 
feldspar (ip). xX 16. 

Fic. 19. An altered diabase, from the Igla Mine, with phlogopite (pg), seri- 
cite (s), fluorite and iron oxide. X 16. 
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Fic. 20. Altered diabase from the Igla Mine, in which the feldspar is replaced 
by sericite (s) while the hornblende is partly replaced by chlorite (ch). X 16. 

Fic. 21. Brecciated and altered diabase from the Igla Mine, the diabase 
fragment consists of sericite (s) with scattered limonite, leucoxene and calcite. 
The fragments are cemented by hematite, limonite and calcite. (ca.) X 16. 
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placed by sericite and their boundary is demarcated by carbonate and limonite. 
The hornblende is replaced by pale green chlorite with scattered leucoxene 
patches. In the intense zone, at the actual contact with the vein, the diabase 
becomes yellow brown in color. The rock was originally fragmented and the 
fragments were cemented by calcite and hematite (Fig. 21), but are now com- 
pletely replaced by a structureless aggregate of calcite, limonite, leucoxene, 
fluorite and sericite. No yellow mica or fluorite is recorded here but on the 
other hand calcite and fluorite are very abundant. 

Greenstones.—The unaltered greenstones (Fig. 22) away from the miner- 
alized veins consist of a groundmass formed of granoblastic green actinolitic 
hornblende, mosaic quartz and crystallized granules of magnetite. The 
groundmass is formed of patches of hornblende or feldspar which contain 
scattered grains of quartz and plagioclose. The greenstones are traversed by 
several tin-tungsten veins of the hypothermal mineralization. In the feeble 
zone, the greenstones are almost unaffected except for some replacement 
of the plagioclase grains by sericite, and the hornblende by little biotite, or by 
tremolitic amphibole as in the varieties of greenstones rich in ferro-magnesian 
material. The rocks are thoroughly altered in the intermediate zone and are 
generally brown green in color. The hornblende is replaced by deep brown 
biotite with liberated magnetite. The feldspar is sericitized. In the less 
feldspathic varieties, especially not in contact with granites, tremolite crystals 
up from 0.6 to 1 mm in size are conspicuous (Fig. 23). These are gathered in 
patches in a groundmass of sericite and chlorite. The tremolite is replaced 
by chlorite. Also the chlorite, or even the tremolite, is replaced by sericite 
(Fig. 24). In the intense zone, the biotite or the tremolite is completely re- 
placed by chlorite, then by sericite alone and finally by sericite and fluorite. 
Thus, the rocks of the latter example consist of sericite, fluorite and chlorite 
with an undetermined mineral which is found only in this case, associated 
with the fluorite. It is uniaxial positive, with a positive sign of elongation 
and has a hexagonal basal section. It is colorless, with high R.I. and bright 
interference colors of the first order. At the immediate contact of the vein, 
the same rock consists of fluorite and sericite. 

Feldspathic greenstones and conglomeratic greenstones from the Abu 
Dabbab Mine are partly altered to chlorite, quartz and hematite in the inter- 
mediate zone (Fig. 25). In the intense zone, the whole rock is replaced by 
sericite, fluorite, topaz and yellow mica (Fig. 9). 

Chloritic Mudstones.—The fresh chloritic mudstones are formed of a few 
hornblende and/or biotite grains with rutile, magnetite, quartz, and clotted 
graphite ; cordierite may be present (Fig. 26). 

The chloritic mudstones are also much affected in the intermediate zone, 
where biotite takes the place of original hornblende if present. Cordierite is 
preserved, and feldspar granules are sericitized. In the intense zone, the 
cordierite is lost, and biotite and feldspars are replaced by sericite. 

Granites.—These were only studied at the contact of fluorite veins because 
of the lack of good exposures. The feldspar is replaced by white mica and 
fluorite. The biotite is replaced by chlorite and white mica, with liberation of 
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Fic. 22. Hornfelsed greenstone from the Igla Mine with feldspar (fp) and 
hornblende (hb). xX 16. 
Fic. 23. Altered greenstone from the Igla Mine, formed of sericite (s), chlorite 


(ch) and tremolite (tr). The tremolite is replaced by chlorite and sericite. 
X-nicols, X 16. 
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An altered greenstone from the Igla Mine, with tremolite (tr), 
The chlorite replaces tremolite which is 


Fic. 24. 
chlorite (ch), sericite (s) and fluorite. 
replaced by sericite. X-nicols, X 32. 
Fic. 25. A dioritic rock formed at the contact of a micropegmatite and a fine 
hornfelsed greenstone from the Igla Mine. The diorite is formed of quartz (qz), 
x 16. 


feldspar (fp) and tufty hornblende (hb). 
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iron oxides. Generally the granites near the tin-tungsten veins are colored 
yellow by hydrated iron oxides. 


Sequence of Mineralization. 


The country rocks, including the granites and even the aplites, have been 
injected by mineralized fluids which deposited the minerals described above. 
The earliest minerals deposited from these fluids were feldspars (orthoclase, 
then microcline, then albite) and quartz. These were deposited in graphic 
texture indicating the eutectic condition of the fluid. The gradual change of 
the micropegmatite into aplite, which is only noted occasionally, suggests that 
the former might have been formed after the latter by pneumatolytic hydro- 
thermal fluids, which are assumed to be aqueous siliceous alkaline fluids. 
Uspensky (15) described a similar, but better example from Russia. Feld- 
spar veins were formed at the same time with the micropegmatites, or at a 
slightly later date, indicated by the occurrence of yellow mica characteristic of 
the hypothermal tin-tungsten deposits. This yellow mica also replaces the 
feldspars, indicating that the sequence was feldspar, then yellow mica. The 
formation of both the micropegmatites and feldspar veins was completed be- 
fore the climax of the regional stress was reached, for neither the micro- 
pegmatites nor the feldspar veins have the persistent direction of the hydro- 
thermal tin-tungsten fluorite lodes. These lodes occupy tension fractures, 
striking northeasterly, produced by the regional stress, whereas the micro- 
pegmatites and feldspar veins are ill defined and non-persistent and strike 
110°-135°. These latter do not form proper fracture-filling deposits but 
rather replacement lodes. The regional stress, which fractured the country 
rocks, formed joints and fractures that strike northeasterly and dip 70°-75° 
eastward. Thus, the hypothermal fluids charged with compounds of Al, K, 
Na, Li, F, B, Sn, W, and Fe started to deposit their mineral contents in the 
open fractures. Generally yellow mica was the earliest mineral deposited. It 
has the composition of zinnwaldite. Where topaz is present, it has generally 
been deposited earlier than the yellow mica, since topaz is commonly replaced 
by yellow mica. Then the boron-bearing mineral, tourmaline, was formed, 
which is a variety rich in aluminum and poor in iron and manganese. It 
forms columnar crystals with a comb-structure. The formation of tourmaline 
is not common in all the deposits but is restricted to tin lodes that traverse 
aluminous country rocks. Then the cassiterite started crystallizing after the 
topaz and tourmaline, since it usually fills the interspaces between the tour- 
maline or topaz crystals. The growth of cassiterite crystals seems to have 
been mainly completed before the deposition of massive quartz, since little or 
rare cassiterite has been found embedded in the massive quartz, and also be- 
cause the growth zones of the cassiterite crystals are perfectly developed to- 
wards the massive quartz. This could only develop well in an open fracture, 
so the massive quartz had not been deposited until the main part of the cas- 
siterite was crystallized. Fluorite also is proved to be deposited later than 
the yellow mica, since it replaces the yellow mica. It also follows after tour- 
maline and topaz, since it fills the interspaces between their euhedral crystals. 
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Fic. 26. Spotted mudstone from the Igla Mine, with cordierite oval crystals 
(co), biotite flakes (b) and quartz (qz). X 16. 

Fic. 27. A greenstone traversed by micropegmatite from the Igla Mine; diorite 
(D) is formed at their contact. Full size. 
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The crystallization of wolframite started later than cassiterite, its main depo- 
sition was principally during the formation of the massive quartz, since wolfra- 
mite is generally embedded in quartz. The sequence of mineralization was 
closed by the deposition of massive quartz, which filled the open fractures ex- 
cept for some vugs. With lowering temperature, the sericite was deposited ; 
it replaced the feldspar, topaz, yellow mica and also the wall rock constituents 
on either side of the fracture. Still at lower temperatures, i.e. away from the 
sericitization zone, towards the country rock, chlorite and calcite are deposited. 
Some calcite was deposited in vugs left open in the massive quartz. 

The relation between cassiterite and wolframite is a matter of inquiry in 
regard to their zonal distribution in the lodes, and their relative time of depo- 
sition. The zonal distribution of the two minerals in bot’: vertical and hori- 
zontal directions is recorded in the Igla and Abu Dubbab Mines. Where 
cassiterite and wolframite occur together in the same lode, the former is found 
in deeper levels, while the latter occupies relatively higher levels. Also in the 
same two deposits, the two minerals are distributed horizontally (Fig. 13). 
Vertical zoning is common in the Cornwall Mines as described by Davison (6) 
and Dewey (7). Horizontal zonal arrangement of cassiterite and wolframite 
is well illustrated in the Bolivian tin belt as described by Ahlfeld (1). 

In Cornwall, Davison and Dewey concluded that wolframite dies out and 
cassiterite increases toward the lower levels. Consequently, cassiterite is as- 
sumed to have crystallized at a higher temperature than wolframite, but after 
tourmaline. The same relation is assumed to apply in the Egyptian deposits. 
Furthermore, cassiterite is proved to be earlier in crystallization than wolfra- 
mite, since cassiterite is generally attached to the wall rock along with tour- 
maline or topaz, whereas wolframite is embedded in the massive quartz that 
fills the open fracture. 

That cassiterite is earlier than wolframite is accepted by many authors, 
but Ke Chin Hsu (10) described an opposite relation in China. Cassiterite 
was found abundant in the upper levels but less in the lower ones where 
wolframite increases, and cassiterite replaces wolframite. Ke Chin Hsu re- 
garded this relation an abnormal position for cassiterite. He explained that 
it is due to the relative concentration of ions of compounds in the ore forming 
fluid, which is a determining factor in the sequence of mineralization. 


Origin and Nature of the Mineralising Fluid. 


The country rocks including the granites and even the aplites have been 
injected by mineralizing fluids, which deposited the minerals described above. 
It is now well known and accepted by most authors that hypogene ore fluids 
are supplied by the magmas and during the period of magmatic activity. But 
recently White (16) supported the abyssal theory, which denies the genetic 
relation between igneous rocks and ore deposits. He assumed that the 
relation between ore deposits and igneous intrusions is structural rather than 
genetic, and that the presence of igneous intrusions is just an indication 
of fracture of the crust. These fractures may or may not be directed to 
possible later fractures that may reach the deeper ore zone. Also, rock 
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alteration by hypogene emanations may be regarded as an indication of 
fractures instead of the presence of intrusive rocks. In the deposits ex- 
amined, no ore minerals are detected in the granites or the associated aplites 
and pegmatites, so the genetic relation between the granitic intrusions and the 
ore bearing veins is not definitely proved. Therefore, it is not determined, 
but only suggested, that the tin-tungsten deposits in Egypt have been formed 
through crystallization of mineralizing fluids supplied by a granitic magma. 
ut, although the genetic relation of the granites and the ore bodies is only 
suggested and not definitely proved, the regional setting of these deposits in 
relation to the granitic rocks is far from being structural alone as assumed 
by the abyssal theory of White. 

The problem of the nature of hypogene mineralizing fluids supplied by 
magmas is a matter of controversy. Schaller, Ross, Graton (8) and others 
support the idea of alkaline fluids, but Bowen, Fenner and Schmedeman (13) 
believe in an acidic character. The school of alkaline theory believe that the 
fluids leave the source magma as hot alkaline liquids charged with metallic 
constituents and that in subordinate cases an acid effect and gas phase is 
produced. The acidic school believe that the fluids leave the source magma 
as gaseous emanations that later condense to hydrothermal liquids, from 
which ores are deposited. The condensed liquid becomes alkaline only by 
reaction with the wall rocks of the channelways. The hypogene fluids of the 
tin-tungsten deposits are proved to be originally of alkaline nature. They 
left the source magma in a hot alkaline state. Later appears a gas phase, 
therefore it becomes acidic. But finally, this interruption is over and the 
alkaline nature is established again. This conclusion is based on the follow- 
ing examinations made as to the nature of the hypogene fluids. 

(1) A strong and confirmative test for the nature of the fluids is to search 
for places along the channelways close to the magma source, where the rock 
has undergone extensive selective robbing of alkalies (8). If there are 
such occurrences, they will determine that the original hypogene fluid must 
have left the source magma with an acidic character. If there is no selective 
alkali robbing, but addition of alkalies, then the alkaline theory holds. 

The field and microscopic evidences indicate that the micropegmatites and 
feldspar veins represent the earliest mineral veins. These are of obvious 
alkaline composition, since they are formed of orthoclase, albite, quartz and 
lithia mica. Their wall rocks are altered into sericite, chlorite, calcite and 
quartz which are of alkaline composition. The micropegmatites, as well as 
the feldspar veins, are mostly associated with clotted diorite which was only 
found at their contacts. Also, they send veinlets into the country rock which 
feldspathize and permeate it. Thus, there are examples of micropegmatite 
veinlets traversing the greenstone and producing dioritic zones at their con- 
tact (Fig. 27). These examples indicate the granitizing action of the 
micropegmatite veins, i.e. addition of alkalies and silica into the country rocks. 

Consequently the composition of these veins, their wall rock alteration, as 
well as their granitizing effect on the country rocks, indicate addition of 
alkalies. The complete absence of halogen-bearing minerals confirms the 
alkaline nature of the fluids. 
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Therefore it is concluded that the granitizing fluids which are recognized 
to be the earliest fluids leaving the magma are alkaline and that the later 
micropegmatites and feldspar veins were also deposited from alkaline fluid. 

(2) The acidic school of hypogene fluids assumes that tin deposits fall in 
about the deepest-seated category known, while according to the alkaline 
theory, they range from intermediate depths to shallow-seated deposits (8). 

The tin-tungsten lodes in the area examined traverse the micropegmatite 
veins and the granitized country rocks. Therefore, they are decidedly of later 
date than the granitizing and micropegmatite fluids. Furthermore, according 
to the sequence of minerals, the yellow mica, which is the earliest mineral 
formed in the tin-tungsten veins, occupies the interspaces and replaces the 
feldspars in the feldspar veins. Therefore, the tin-tungsten veins are not the 
deepest-seated deposit in this area, but are shallower than the micropegmatites 
and feldspar veins. 

(3) The composition of the tin-tungsten veins and their wall rock altera- 
tion indicate that the fluids that deposited them were of acidic character. 
Thus, the alkaline theory cannot explain their deposition directly from an 
alkaline liquid but from a liquid of acidic nature as described below. The 
tin-tungsten veins consist of: 


EE binds ene dimenweead \l(F, OH).AISiO.,. 

EMBWAIGNE .occceessese potash, lithia, fluo-aluminium silicate. 
SOUPTIIEE 5k cesiicnses R.( Abo. 0; (OR ),. 
ee eee. oe 

WOMPOINMG ove ciccceinvs (FeMn)WO,. 

PIMOTNG iss icineeevens Car. 

Ene eres Ages Mahone SiO... 


These minerals are also found in the greisen, but later these minerals, both 
in the veins or in the greisen, were replaced by sericite and chlorite. The 
contents of the veins indicate an acidic fluid charged mainly with hydro- 
fluoric acid and boric acid. The latter acid is weak, but in the presence of 
hydrofluoric acid, the medium is strongly acidic. These acid minerals have 
been strikingly replaced by alkaline minerals, sericite and chlorite, indicating 
addition of potash and magnesia. Thus, the acidic medium controling the de- 
position of acid minerals was only temporary and was followed in and pre- 
ceded by an alkaline condition. This temporary interruption is explained by 
the generation of a gas phase, due to fluctuation in the temperature-pressure 
balance. As the acid minerals were formed only in the tin-tungsten-fluorite 
veins occupying the open fracture system, the temperature-pressure unbalance 
may be connected with fracturing. Fractures generally facilitate flow and ac- 
celerate the warming up process and surely reduce the pressure. This was 
coupled by good retention of heat afforded by the walls heated by the granitiz- 
ing solutions. Thus, the fluid approaches the boiling point. As indicated by 
Graton (8) this boiling condition favors such reactions as that investigated by 
E. T. Allen. 


4H,O + 4S > 3H,S + H,SO, 
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This acid medium liberates the halogen acid HF, and boric acid, giving rise to 
the formation of fluorine- and boron-bearing minerals. This peculiar and ab- 
normal production of acid gas did not continue to the end of the mineralization 
period, but as soon as the disturbance of the normal temperature-pressure 
balance came to an end, boiling ceased and consequently the gas phase and 
fluorine and boron-bearing minerals were no longer deposited. On the other 
hand, the fluid of originally alkaline nature reassumed its action. It is charged 
with alkalies sufficient to deposit sericite in the wall rocks and replacing the 
abnormally formed topaz and yellow mica. This strong alkalinity of the fluids 
could not possibly be obtained by the alkalinization of an original acid fluid, 
through reaction with the channelways, but only furnished by magmas directly, 
as assumed by the alkaline theory of hypogene fluids. 

(4) The theory of acid emanation is founded essentially on the great im- 
portance of the role played by halogens and halogen-compounds. Graton (8) 
gave the calculated amount of fluorine or chlorine required for the transporta- 
tion of the common hypogene elements: Sn, Fe:-, Fe::, Mg, Ca, Na, K. From 
these calculations it is evident that the transportation of the common hypogene 
elements requires a great quantity of halogens which are rarely present in 
that amount. 

Also, the acidic theory assumes that tin is transported in the form of halide, 
then, through reaction with water, the cassiterite is deposited, and the halogen 
is liberated. Calculation of the amount of released fluorine during the depo- 
sition of cassiterite is made as follows: The deposition of ] ton of cassiterite 
is accompanied by the liberation of 0.6 ton of fluorine, or the formation of 0.3 
ton of fluorite. This refers only to tin, but for the common hypogene ele- 
ments the amounts of fluorine liberated range from 0.5 to 2.7 tons of fluorine 
or 0.25 to 1.4 tons of fluorite for the deposition of 1 ton of the elements. This 
enormous quantity of halogen compounds is rarely found in the deposits of 
tin in this area. The tin deposit of the Igla Mine is very poor in fluorite, 
but rather rich in tourmaline (the boron mineral). 

Therefore, the average low percentage of the fluorine-bearing minerals in 
these deposits indicates that the transportation of tin could not be explained by 
the halogen theory. Other means of transportation, in colloidal solutions or 
true solutions, would apply. But as pointed out by Smith (14) colloidal 
transportation is subsidiary to true solution transportation. 


SUMMARY AND CONCLUSIONS, 


The fundamental rocks of the Igla, Nabih and Abu Dabbab Mines were 
formed by the sedimentation of greenstones, chloritic mudstones, interrupted 
by the injection of dolerite dikes. Later granites intruded the country rocks 
and formed many conspicuous hills. The country rocks are therefore meta- 
morphosed by the thermal action of the granites, generally to a low or medium 
grade, but in some special cases a high grade is attained. Meanwhile, the 
injected country rocks were assimilated and metasomatized by the granite 
fluids. Field and microscopic evidences given by the same author (2) sug- 
gest that at least part of the diorite was formed by the processes of assimilation 
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and metasomatism. The granitizing fluids were followed by hydrothermal 
fluids of similar alkaline nature. The former owing to its great power of 
replacement assimilated and metasomatized the country rocks, while the latter, 
with less activity, deposited its content of feldspars and quartz in the form of 
veins. 

At the final stages of the granite consolidation, the country was ‘subjected 
to a regional stress that produced the northeasterly fracture system and joints. 
During this stage, the hydrothermal solutions were generated and became 
enriched in the ore minerals of tin, tungsten, and fluorite. These were de- 
posited in the order given, accompanied by the gangue minerals, topaz, yel- 
low mica and tourmaline, deposited in this order. Quartz was continuously 
deposited, but mainly at the final stages. The final hydrothermal fluids were 
by now enriched in the low temperature minerals, sericite, chlorite and calcite, 
that follow this order in deposition. The ore minerals and the associated 
gangue minerals display a vertical and horizontal zonal arrangement which is 
not uncommon in these deposits. The igneous activity in this area was closed 
by the injection of minor hypabyssal rocks of intermediate to acid composition. 

The ore fluids left the source magma in an alkaline condition and con- 
tinued alkaline, until a gas phase was generated, which was due to the inter- 
ruption of the temperature-pressure balance along the fractures. When that 
interruption was over, the ore fluid again became alkaline. 


Economic Features. 


From this academic work, some conclusions of economic importance may 
be drawn. The paragenesis of the tin-tungsten ore deposits and their sim- 
ilarities with other described deposits, as in Cornwall, indicate that the tin-zone 
is well represented in the three deposits and that only the upper contact of 
the tin-zone with the tungsten-zone is exposed in the two deposits of Igla and 
Abu Dabbab. Therefore, the tungsten deposits should be present in such 
abundance as the tin deposits. Also, an analysis of the alluvial deposits, 
found in the gullies near the lodes, indicates the low percentage of tungsten in 
the deposits. Thus, the mineralized fluids were largely used up just at the 
starting of crystallization of wolframite. Therefore, wolframite was not well 
represented in these deposits and consequently copper and the late minerals 
of lead and zinc ores should be completely absent. 
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REPORT ON GROUND WATER BY THE RESEARCH COMMIT- 
TEE OF THE SOCIETY OF ECONOMIC GEOLOGISTS? 


O. E. MEInzeR. 


THE scientific study of the ground waters of the earth is properly regarded as 
a branch of economic geology, for it relates to a mineral product of economic 
value occurring in the rock formations. However, ground water is distinctive 
among the mineral products in being constantly replenished and generally in 
motion under the laws of fluid mechanics. Petroleum and natural gas are the 
other outstanding fluid mineral products, but they differ from ground water in 
not being measurably replenished and in being essentially static until tapped 
by wells. Moreover, ground water and also surface water have great signi- 
ficance to geology in addition to their value as mineral products because they 
are agencies of primary importance in the genesis of the rock formations and 
their other mineral products. 

The scientific study of ground water has a twofold background. It has 
been prosecuted by geologists as a part of the science of geology, but the fluid 
mechanics of the ground water have been studied chiefly by physicists and hy- 
draulic or water-supply engineers, and the two lines of investigation have not 
been effectively integrated. Surface water has been still more largely in the 
domain of the engineers, and much fruitful work remains to be done in the 
geologic interpretation of surface-water hydrology. 

The study of ground water as a branch of science has been developed chiefly 
since the beginning of the nineteenth century in France, Germany, and other 
European countries. The ground-water work in the United States is largely 
based on the somewhat earlier European work and both have had the handicap 
of the twofold development without adequate integration. One of the most 
important contributions to ground-water research that is being made in this 
country is the bringing together of the geologists and engineers in the develop- 
ment of a comprehensive and systematic branch of science, which can ap- 
propriately be called geohydrology. 

In 1903 the Hydrographic Branch (later called the Water Resources 
Branch) was organized in the U. S. Geological Survey, consisting of three 
divisions, one of which was the Division of Hydrology, later called the Ground 
Water Division. Until 1924 the personnel of the Ground Water Division 
consisted essentially of geologists, but beginning with that year, engineers 
were also appointed and the effort has been made to train both geologists and 
engineers as well-rounded hydrologists, though with differing capacities for 
specialized work, which will be increasingly needed with the development of 
the subject. 


1 This is the third of a series of subcommittee reports of the Research Committee, Society of 
Economic Geologists, Charles H. Behre, Jr., Chairman. 
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In 1930 the American Geophysical Union organized a Section of Hydrology 
to function in the International Union of Geodesy and Geophysics as a unit 
of the International Association of Hydrology. It was organized with nine 
permanent research committees, which have since been somewhat rearranged 
with more comprehensive coverage. One of these is the Committee on Ground 
Water. It includes geologists, engineers, physicists, and chemists, and it has 
had a very wholesome influence in bringing together the different points of 
view. In this connection it is pertinent to point out that the special function 
of the American Geophysical Union is to bring together men and women in 
various branches of science, especially physicists, engineers, and geologists, 
and that the Section of Hydrology offers opportunites in this respect of which 
the geologists have not taken full advantage. It would be of definite benefit 
to geology as well as hydrology if geologists would take a more active part 
in the work of the other committees, especially those on erosion, dynamics of 
streams, lakes, runoff, glaciers, and chemistry of the natural waters. 

When the Research Committee of the Society of Economic Geologists was 
organized it appeared advisable to cooperate with the Committee on Ground 
Water of the Section of Hydrology rather than to appoint a separate sub- 
committee on ground water. It has now been arranged that Mr. S. W. Loh- 
man, the Chairman of the Committee on Ground Water, will serve as the 
ground-water member of the Research Committee of the S. E. G. 

At the request of the Committee on Ground Water, the writer of this re- 
port presented a paper at the annual meeting of the A. G. U. in May 1946, en- 
titled “Suggestions as to future research in ground-water hydrology.” This 
paper was published in the A. G. U. Transactions for June 1947 (Vol. 28, pp. 
418-420). It is open for formal discussion until November 1, 1947, and the 
author or Mr. Lohman would be glad at any time to receive discussions or 
suggestions, whether or not they are intended for publication. This paper 
was designed to be a comprehensive outline of the field of research rather than 
an outline of specific research projects. After proper criticism and revision, 
it should serve as a guide in planning and promoting specific projects and in 
arranging fruitful symposia, such as those on “Perennial yield of artesian 
aquifers,” at the S. E. G. meeting in February 1944; “Artificial ground-water 
recharge,” at the S. E. G. meeting in December 1945; “Quantitative methods 
in ground-water investigations,” at the A. G. U. meeting in May 1946; and 
“Ground-water hydrology of limestone terranes,” at the A. G. U. meeting in 
April 1947. 

The following is a digest of the paper, with the suggested research arranged 
under nine subheadings and with statements as to the geologists’ part in each: 


1. Hydraulics of ground water—Much progress has been made in this 
field in the last 15 years but much more work must be done to interpret, 
orient, and apply the newly developed principles and methods, and such 
work will doubtless lead to new fundamental results. The data on rates of 
discharge and time of discharge of selected wells and the data on change in 
head in associated observation wells are utilized for the mathematical de- 
termination of coefficients of transmissibility and storage. In the future the 
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use of electric or other models will doubtless replace the mathematical com- 
putations in some of the more complicated problems. The results must be 
interpreted in terms of geologic structure—on the one hand, faults or other 
features that inhibit the flow of the ground water; on the other hand, out- 
crops of the aquifer or other conditions that permit recharge. Thus these 
discharging-well methods may be regarded as methods of geophysical ex- 
ploration available to the geologists. 

2. Physics of soil moisture in relation to ground-water recharge, discharge, 
and storage-—Much good work has been done by soil physicists on the dis- 
tinctive fluid mechanics that are involved in the zone of aeration, but intensive 
research is needed on the specific processes involved in ground-water recharge, 
discharge, and storage, and the quantitative evaluation of these processes. 
This research must be conducted partly by physicists in the laboratory but its 
successful prosecution requires active cooperation by geologists in the field. 

3. Artificial recharge—With increasingly heavy pumping from many of 
the principal aquifiers there is an increasing need for practicable methods to 
augment their supplies by advantageous location of wells and application of 
water at the surface or through wells. This is a large and intricate subject 
that requires much more investigation. The requirement is essentially not 
for basic research but rather for the development of practicable methods of 
applying the principles of geology and ground-water hydraulics to the com- 
plex problems of artificial recharge. 

4. The geophysics of ground-water head and runoff —The water levels in 
wells fluctuate constantly and with great variation in pattern and range. 
These fluctuations can be recorded accurately by automatic recorders and in 
less detail by periodic manual measurements. They are the result of a com- 
plex of forces that are active within the earth’s crust, with ground-water 
recharge from precipitation the dominant cause for upward movement and 
ground-water discharge the dominant cause for decline. The magnitude and 
type of fluctuations is, however, conditioned by the geology of the hydrologic 
system tapped by the observation well. The runoff is determined by the 
ground-water levels and other hydrologic factors in the drainage basin as 
conditioned by the geology. A large amount of accurate records of water 
levels and runoff, as well as precipitation, is obtained currently. A compre- 
hensive program of critical study of these records is much needed for their 
hydrologic and geologic interpretation and the practical results that will follow. 

5. Geophysical methods of exploration—Considerable investigation has 
been in progress on the application of various methods of geophysical ex- 
ploration in ground-water investigations, including the electric-resistance and 
seismic methods, electric logging of wells, and the use of deep-well current 
meters, apparatus for determining conductivity, temperature, etc. of the 
water in wells, and equipment for determining the depth of casing and di- 
ameter. The work of this type has gradually increased the effectiveness of 
both the hydrologic and geologic phases of ground-water investigation. It 
should be continued aggressively in order to make available every possible 
facility for futuse-ixestigation. 
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6. Geologic texture and structure in relation to ground water.—There has 
been a tendency for ground-water geologists to accept too complacently the 
stereotyped explanations of the occurrence and movements of ‘water in the 
rocks of different types. Rigorous restudy of this entire subject is needed. 
Valuable studies have been made or are in progress on some phases of the 
subject, for example, the effects of faults and dikes upon the occurrence and 
movement of ground water, the precise mode of occurrence of water in terranes 
of limestone and crystalline rocks, and solution channels in sandstone. 

7. Geochemistry of ground water.—This is a large subject and one of 
great importance to geology because the knowledge of present processes can 
be applied to the geologic past. Much more critical study is needed of the 
existing chemical analyses and additional analytical data to determine the 
geologic conditions and chemical processes which will account for the kinds 
and quantities of mineral substance that are found in the different waters and 
the chemical work that these waters are doing. This line of research requires 
close cooperation between chemists and geologists. 

8. Salt-water balance—At considerable depths the porous formations are 
generally occupied by salt water, largely of marine origin, and in many aquifiers 
there is a frontier where the fresh ground water is in balance with heavier 
salt water that has long been in the formation, has recently come in from the 
sea, or is awaiting admittance. Pumping from welis disturbs the balance, 
always in favor of the salt water. This subject is of great economic sig- 
nificance in many places, and therefore is receiving much intensive study, but 
diagnostic evidence is often difficult to obtain and the lapse of considerable 
time may be required to determine what is happening. Much more data must 
be accumulated and critically studied before the conditions of salt water en- 
croachment are adequately understood. 

9. Bacterial and industrial pollution of ground water, and the purifying 
capacities of the rocks—This important border line subject has received only 
occasional and inadequate study and is still only poorly understood. It 
involves bacteriology, chemistry, sanitary engineering, ground-water engineer- 
ing, and geology. A comprehensive, cooperative program of intensive in- 
vestigation is greatly needed. 

Wasnaincton, D. C., 

August 29, 1947. 








REPORT OF THE COMMITTEE ON RESEARCH ON PETRO- 
LEUM, SOCIETY OF ECONOMIC GEOLOGISTS.* 


’ K. C. HEALD. 


Tue American Association of Petroleum Geologists, in 1945, began a survey 
to recognize and record the insufficiencies and voids in geological science 
which have most severely handicapped them in their efforts to apply this 
science, and which, in their opinion, would be of greatest future aid. Under 
the able and vigorous chairmanship of S. W. Lowman this survey has been 
pushed to a conclusion by committees and subcommittees. The resulting 
tabulation of major problems may be accepted as the consensus of a large 
group including many of the best minds in the Association. 

The study was systematic and thorough. More than 50 geologists served 
as members or consultants of the Research Committee and its subcommittees. 
They had the earnest assistance of another 300 members of the Association 
in forums, conferences and small consultative groups. Many other members 
provided counsel through extended correspondence. 

Individual subcommittees reported respectively on (1) needs, (2) work 
already done, (3) work in progress, (4) facilities, (5) manpower and (6) 
sources of financial support. There is so much to be done that we can not 
afford to retravel known paths. If studies are in progress they should be 
supported and supplemented, not replaced. If an effective attack is to be 
made we must know whether existing facilities are adequate or whether new 
ones must be created. 

It early became evident that decisions of policy must precede any effort 
to formulate research projects. It was agreed that the program should be 
positively oriented to research in petroleum geology. Since this application 
of geology is so broad it is inevitable that a program thus oriented will overlap 
many specialized facets of geologic science, which is recognized as desirable, 
but the emphasis will be on geology as it may be used in the search for and 
the production of petroleum and gas. 

It was also agreed that the American Association of Petroleum Geologists 
should not, as an organization, conduct research or even direct it. The func- 
tion of the Association should be to appraise the field, formulate the broad 
problems, establish the economic justification for the work, and supply ideas 
and facts. It is the concept of the Association that actual sponsorship and 
financing of research should fall in the province of those who will profit from 
its application, or to organizations in industry, government or education which 
have the conduct of research as one of their specified functions. 


1 This is the fourth of a series of reports under the “Committee on Research, Society of 
Economic Geologists,” Chairman, Charles A. Behre, Jr. 
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There is no sharp line between basic or fundamental research and applied 
research. However sharp distinction can be drawn between work which 
will apply to a limited area or that is of apparent benefit to only a few, and 
work which may be effectively used by many. The Association therefore 
aimed at targets so broad and with such extensive applications that results 
would of necessity advance petroleum geology in general, even though applica- 
tions of theory or fact that might be developed might variously benefit 
different areas and organizations. 

The products of this survey have been studied, coordinated, and molded 
into projects. Problems and proposed studies of apparent minor importance 
were ignored or brushed aside. These are ornaments or decorations which 
individual artists can fashion if concerted effort succeeds in erecting the 
structure of fact and theory for which the survey has supplied the blueprints. 

The proposed program contains twelve projects. Each project is be- 
lieved worthy because of its individual merits, but a number contribute one 
to the other. The first eight, combined, comprise a program in sedimentology 
which is, perhaps, the least advanced of the various branches of geology. The 
knowledge which this program would provide is needed by petroleum geolo- 
gists throughout the world—in fact by all geologists who strive to discover 
and recover minerals in sedimentary rocks, including metamorphosed sedi- 
ments. The projects are: 


(1) Clay minerals. The objective is to identify, classify, determine the 
properties, the patterns of behavior, the origins and the manner of occurrence 
of clay minerals in recent and ancient sediments with special reference to the 
needs of Petroleum Geology and Engineering. 

(2) Evolution of hydrocarbons. To study the nature of the source ma- 
terials of petroleum, the conditions under which and the time at which these 
materials were converted into petroleum, the time and the mechanism involved 
in migration and accumulation. The project is so designed that it will not 
replace or duplicate Project 43 of the American Petroleum Institute. 

(3) Formation waters. The objective is to determine the significance 
of the characteristics of formation water with respect to origin, geological 
environment and geological history. 

(4) Bacteria. The objective is to discover the manner in which bacteria 
affect the deposition of, and post-depositional changes in carbonate, organic 
and fine-grained clastic sediments. 

(5) Recent and near-recent sediments. The objective is to improve our 
knowledge of the processes and products of depositional environments; the 
areal distribution of the more significant variables in recent sediments; and 
the processes and products of post-depositional changes in near-recent sedi- 
ments. 

(6) Ancient sediments. The objective is to measure and map the distri- 
bution of sedimentary variables in selected geological environments and to 
compare with similar variables in recent sediments. 

(7) Carbonate reservoirs. The objective is to improve understanding 
of the nature and origin of porosity and permeability in carbonate rocks. 
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Study of recent carbonate deposition is believed to be an essential part of 
this project. 

(8) Cementation. The project covers the processes that affect the bond- 
ing of mineral particles in rocks; it might be described as a study of diagenesis. 

(9) Salt flowage. Study of the evidence revealed in the salt mines of 
Texas and Louisiana. 

(10) Faulting. The initial step will be extensive survey and analysis. 
This should be followed by a classification of faults. 

(11) Experimental tectonics. The proposed attack is through the use of 
scale models. 

(12) Well logging. A program of fundamental research is outlined and 
recommended for the consideration of service companies. 


None of the projects listed above have been definitely initiated. The 
program in sedimentology is being submitted to the Advisory Committee on 
Fundamental Research of the American Petroleum Institute. 

Work on Project 3—Formation waters—may be undertaken by a com- 
mittee or group which will be financed by the organizations by whom com- 
mittee members are employed. 

Project 9 on Salt flowage is being sponsored by the University of Chicago. 

Project 11 on Experimental tectonics is being considered for joint sponsor- 
ship by the Houston Geological Society and the Research. Committee. 

Information concerning the projects has been widely distributed. It is 
available to any group or institution interested in research and any such 
group may, of course, at their own discretion, undertake studies suggested 
or outlined by these projects. 

The Research Committee of the American Association of Petroleum 
Geologists requested the members of the Association to submit problems 
which they regarded as important. A great many suggestions were received. 
The Research Committee has in its files those suggestions which did not 
appear to fit the broad outline or that could not be reconciled with estab- 
lished policy. Information concerning these unpublished suggestions may be 
obtained by individuals or organizations interested in the unsolved problems of 
petroleum geology. 

The Society of Economic Geologists’ Committee on Petroleum believes 
that the interests of the Society will best be served by continued contact and 
cooperation with the Research Committee of the American Association of 
Petroleum Geologists. The development of research in Petroleum Geology 
is in strong hands. Our own effort should be to supplement and support 
and not to compete. 

Your subcommittee endorses and advocates the policy adopted by the 
American Association of Petroleum Geologists that the research function of 
a scientific society is primarily to guide research rather than to do or direct 
the work. 


PittssurGH, Pa., 
Aug. 20, 1947. 
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Coal Reserves of Canada, Report of Royal Commission on Coal, and Maps. 
By B..R. Mackay. Pp. 113; colored maps, 14. Ottawa, 1947. 


This report gives a much needed revision of the coal reserves of Canada. In 
the International Geologic Congress report on Coal Reserves of the World, 1913, 
Canada ranked among the top of the world reserves. With a figure of 1,216,770 
million tons of actual and probable reserves of all ranks, representing seams 1 foot 
or over within a depth of 4000 feet. Subsequent developments and more detailed 
geological work indicated that these figures appeared far from realistic. 

The new estimate is based on more realistic figures of thickness and depth and 
with more discernment as to what constitutes probable and possible coal. The 
new figures show that Canada possesses about 99,000 million tons of minable coal 
and 49,000 million tons of recoverable coal. About 63 percent of this tonnage 
is classed as probable (equivalent to actual and in contrast with “possible”) and 
are less than 10 percent of the 1913 figures. Ninety-two percent of the total 
reserves lie in the three Western provinces. On the basis of current production in 
Canada, even these figures would allow for continued mining for 2700 years. 

In the preparation of these figures, individual maps were made of all of the 
fields. Figures of depth were selected based on the characteristics of each field, 
being 4000 feet in Nova Scotia, but only 500 to 2500 feet in depth with a minimum 
thickness of 3 feet in the other fields. A complete breakdown according to rank 
of coal is given; only 28 percent of the total is represented by lignitic rank coals. 

The Government of Cariada is to be commended for getting out such an ex- 
cellent report. 


Petroleum Production. Vol. III. Oil Production by Water. Park J. Jones. 
Pp. 271; figs. 175. Reinhold Publishing Co. New York, 1947. Price, $5.00. 


This third of a series relating to production of petroleum deals first with the 
theoretical considerations of the relation of water to oil, migration, and to the 
stratigraphy and structure. Part II then deals with the practical applications. 

The author points out that the principal factors in production of oil by water 
are: convergence fluid factors, invasion factors, displacement factors and well 
interference factors. The various structural and stratigraphic factors of a reser- 
voir are replaced by the one geological factor in production, termed convergence. 
The fluid factor is used in estimating reserves and producing rates. The higher 
the fluid factor, the lower the oil recovered by water. 

The following chapter headings give some idea of the content: Under Part I, 
Foundations, comes, Oil Ahead of Water, Oil Production by Expansion, Well 
Producing Capacity, Injection of Water, the Optima for Reservoirs, and Migra- 
tion of Oil. Under Part II, Applications, are the following chapters, Radial 
Reservoirs, Two Pay Intervals, Impermeable Wedges, Saturated Oil, Linear 
Reservoirs, Elongated Reservoirs, Bottom Water. 
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The numerous variables are reduced to a relatively few factors to permit the 
use of statistical procedures. Considerable mathematical treatment is given, illus- 
trated by diagrams. 

The relations between water and oil are carefully covered, and the book should 
prove of value to all interested in oil production. 


Recent Groundwater Investigations in the Netherlands. By W. F. J. M. Krur 
and F. A, Lierrincx. Monographs on the Progress of Research in Holland 
During the War, No. 5. Pp. 78; figs. 26. Elsevier Publishing Co., New 
York and Amsterdam, 1946 (1947). Price, $1.50. 


This interesting little booklet on one of the interesting groundwater areas of the 
world deals with the principles of groundwater and their application to problems 
in Holland. Clear drawings and a bibliography give it added value. Its chapter 
headings give an idea of its contents, namely: General Review of Geo-Hydrological 
Conditions; Hydraulic Investigations in the Dunes; Groundwater Replenishment, 
with examples of Lek, Amsterdam, Leyden, and behind the dunes; Groundwater 
Investigations for Public Works, with reference to principles, velsen tunnel, and 
polders of the former Zuiderzee; Model Research for Groundwater Investigations, 
with illustrations of particular interest in the part dealing with water in and 
behind dunes. 


When the Earth Quakes. By James B. Macetwane. Pp. 288; figs. 251. Bruce 
Publishing Co., Milwaukee, Wis., 1947. Price, $5.00. 


This interesting volume by a well known seismologist brings to the reader 
in nontechnical language the wealth of knowledge of earthquakes. Its 17 chapters 
tell the kinds of earthquakes, what they do, the why, the when and the where, and 
field studies of them. It tells of seaquakes, seismic waves, seismographs and 
what their records tell, and microseisms and storms at sea. It deals also with 
engineering seismology and seismological engineering, rock bursts and overstrain, 
and prospecting with seismographs. The book covers the whole range of seis- 
mology in an interesting manner and its illustrations help make it intelligible to 
everyone. The geologist can gain much from it. 


BOOKS RECEIVED. 
ALAN T. BRODERICK. 


Les Minerais de Cuivre du Sud-Katanga. By Marcer Gysin. Pp. 139; figs. 
12; pls. 4. Comité Spécial du Katanga, Annales du Service des Mines, Ex- 
trait du Tome 7, 1936. Brussels, 1937. Geology, stressing mineralography, 
of southern Katanga copper deposits which closely resemble those of Rhodesia 
and to which is ascribed a common origin. Contains a good resumé of 8 
geologists’ conclusions on Rhodesian ore deposition controls, granitic intru- 
sions, hypogene minerals and paragenesis, supergene minerals, gangue, erratic 
oxidation depth. 


Recherches Géologiques, Pétrographiques et Miniéres dans la Région de 
Divrik (Anatolie). By Marcet Gysin. Pp. 155; figs. 40; pls. 7. Mémoires 
de la Société de Physique et d'Histoire Naturelle de Genéve, Vol. 42, Fascicule 
2. Genéve, 1943. Geologic, petrographic and mineralographic descriptions of 
a contact metamorphic magnetite deposit in Turkey. Sequence is: dolomites 
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and limestones intruded by peridotite, serpentinization, gabbro-diorite intrusion, 
granite-aplite-lamprophyre intrusion, monzonite intrusion and emplacement of 
magnetite bodies. Exogenic and endogenic effects accompanying or succeed- 
ing intrusions discussed in detail. 

Geologic Map of the Province of Ontario. By J. Satrerty. 38” xX 49”, col- 
ored, 1” =20 mi. Ontario Dept. Mines Map 1946-3, Toronto, 1946. 


Geology and Mineral Deposits of the Baie Verte-Mings Bight Area, New- 
foundland. By K. pe P. Watson. Pp. 48; pls. 10; maps 2. Newfoundland 
Geol. Survey Bull. 21. St. Johns, 1947. Princeton Ph.D. dissertation. Two 
main ore bodies. (1) Cupriferous pyrite replacement along shears in Ordo- 
vician (?) greenstones. Last worked 1915, production and reserves unknown. 
(2) Gold-bearing disseminated sulphides in greenstones. Economic possibili- 
ties to be given in forthcoming bulletin. Greenstones intruded by dominantly 
concordant ultra-mafic rocks, one 12 sq. mi. Quarts diorite stock, other minor 
intrusiwes. 


The Mineral Resources of Western Australia, Fifth Edition, 1945. By H. 
Bowery. Pp. 27; photos 30; map (Au distrib.). Australia Mineralogical 
and Chemical Laboratories. Perth, 1945. Main resource is gold, but also 
contains one important Permian coal field, some lead, asbestos. Produces 
minor amounts of many other minerals. 


Coal Reserves in Kansas. By G. E. Aspernatuy, J. M. Jewett, and W. H. 
ScHoewe. Pp. 20; figs. 2; tbls. 5. Kansas Geol. Survey Bull. 70, part 1. 
Lawrence, 1947. 949,323,000 tons proved, 17,574,000,000 tons potential Kan- 
sas bituminous coal reserves. Listed by counties and beds. Practically all 
Pennsylvanian, 


1945 Reference Report on Certain Oil and Gas Fields of North Louisiana, 
South Arkansas, Mississippi and Alabama—Vol. 2. Pp. 503; pls. 11. 
Shreveport Geol. Soc. Publication. Shreveport, 1947. Major features of 25 
fields, 9 stratigraphic sections, one paper on Cretaceous stratigraphy of E. Texas, 
S. Ark., N. La., N. Miss., N. Ala. Interesting reconstruction of conditions 
necessarily present during Permian to form evaporites found. 

Province of Quebec Division of Geological Surveys. 


Report 28. Wetetnagami River Area, Ralleau, Effiat, and Carpiquet Town- 
ships, County of Abitibi East. By H. W. Farrparrn. Pp. 19; air- 
photo 1; colored geological map 10” X 27”, 1”=1 mi. Quebec, 1946. 
Geology of unprospected area of Precambrian tuffs, greywackes, andesites 
and granitic intrusives. 

Report 29. Wetetnagami Lake Map-Area, Souart, Moquin, and Labrie 
Townships, Abitibi-East County. By R. Bruce Granam. Pp. 23; pls. 
10; colored map, 944” x 30”, 1”=1 mi. Quebec, 1947. General, struc- 
tural and economic geology. 

Illinois Geological Survey. 


Report 121. Illinois Mineral Industry in 1945. By W. H. Vosxkutt, D. F. 
Stevens, and N. T. Hamrick. Pp. 116; tbls. 84; figs. 22. Urbana, 1946. 


Important mineral industry which amounted to $334,855,000 in 1945, 


Report 122. Upper Kinkaid (Mississippian) Microfauna from Johnson 
County, Illinois. By CuHaLtMer L. Cooper. Pp. 94; pls. 5; fig. 1; tbls. 3. 
Urbana, 1947. 
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Circular 128. Trends in Coal Utilization. By F. H. Reep, G. R. Youe, 
O. W. Rees, and H. W. Jackman. Pp. 27; figs. 5. Urbana, 1947. Good 
outline of these trends in domestic heating, transport, municipal power 
plants, coke manufacture. Progress and trends in coal research. 


Ohio Department of Public Works, Ohio Water Resources Board. 


Bull. 5. Summary of Ground-Water Conditions in Ohio. By D. W. 
Van Tuyt and R. J. BerNuAGEN. Pp. 32; pls. 18; tbls. 19. Columbus, 
1947. Trends by years since 1938. Ground-water level trends by counties. 

Bull. 8. Ground-Water Conditions in Butler and Hamilton Counties, 
Ohio, 1946. By R. J. BernuaceEN and E. J. ScHarrer. Pp. 35; tbls. 11; 
pls. 13. 1947. Geology and water-bearing properties of geologic forma- 
tions to explain trends of ground-water levels. 

Bull. 9. The Flood of June 1946 in Wayne and Holmes Counties. By 
WitiaM P. Cross. Pp. 44; figs. 10; tbls. 5; pls. 8. Columbus, 1947. 


Magnetic Survey of the Bala Intrusive, Riley County, Kansas. By Rosert 
M. Dreyer. Pp. 28; figs. 4. Lawrence, 1947. The topography, structure 
and vertical magnetic field show that the intrusive ts an eastwardly-plunging 
vertical dike. 

U. S. Department of the Interior—Geological Survey Water-Supply. 


Paper 915. Major Winter and Nonwinter Floods in Selected Basins in 
New York and Pennsylvania. By W. B. Lancpein and Oruers. Pp. 
138; tbls. 95; figs. 38. Washington, 1947. Analysis of the hydrology data 
for flood-control. 


Paper 993. Geology and Ground-Water Resources of Cedar City and 
Parowan Valleys, Iron County, Utah. By H. E. Tuomas and G. H. 
Taytor. Pp. 210; figs. 17; pls. 27. Washington, 1946. Research to de- 
termine the fluctuations of the water level and the sources of the ground- 
water and the amount available in selected ground-water areas. 


Paper 996. Geologic Features of the Connecticut Valley, Mass., as Re- 
lated to Recent Floods. By RicHarp H. Jauns. Pp. 158; pls. 33; tbls. 
23; figs. 4. Washington, 1947. Outline of the physiographic history of 
the Connecticut River from Mesozoic time to the present. Discussion of 
the March 1936 and September 1938 floods. 

Paper 1039. Surface Water Supply of the United States, 1945. Part 9, 
Colorado River Basin. By the Water Resources Brancu. Pp. 390; 
figs. 2. 

Paper 1041. Surface Water Supply of the United States, 1945. Part 11, 
Pacific Slope Basins in California. By the Water Resources BRANCH. 
Pp. 469; fig. 1. 

Paper 1044. Surface Water Supply of the United States, 1945. Part 14, 
Pacific Slope Basins in Oregon and Lower Columbia River Basin. By 
the Water Resources Brancu. Pp. 237; fig. 1. Washington, 1947. 


Geological Survey. 


Prof. Paper 205-C. Geology of Reef Ridge, Coalinga District, California. 
Ratpu Stewart. * Pp. 115; pls. 9; figs. 4; tbls. 2. Washington, 1946. In 
Spite of numerous oil seeps no oil fields have yet been found, but deep drill- 
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ing for oil in nearby Kettleman Hills and other parts of Coalinga district 
have renewed interest in Tertiary rocks of Reef Ridge. 

Bull. 951. Geology of the Green River Desert-Cataract Canyon Region, 
Emery, Wayne and Garfield Counties, Utah. By Arruur A. BAKER. 
Pp. 122; pls. 20; figs. 3. Washington, 1946. Formations’ aggregate aver- 
age thickness of 6,500 ft., ranging from Pennsylvanian to Upper Cretaceous; 
recent structural disturbance. Oil and gas at several horizons, but yet no 
commercial production. 


Comité Directivo para la Investigacién de los Recursos Minerales de México. 


Bol. 8. Los Yacimientos de Estafio de la Republica Mexicana (Tin de- 
posits in Mexico). By W. F. Fosuac and C. Frirs, Jr. Pp. 66; tbls. 4; 
figs. 3; pls. 6. Mexico, 1946. Three types of deposits; reserves unknown. 
Description of the various Mexican tin mines. 

Bol. 7. La Industria Minera en el Estado de Chihuahua (Mining Industry 
in the Chihuahua State). By Jenaro Gonzatez R. Pp. 152; tbls. 16. 
Mexico, 1946. Oldest and richest mining state in Mexico. 

El Azufre (Sulphur). By JeNAro Gonzatez R. Pp. 80; figs. 33. Mexico, 

1945. History, properties, uses, mineralogy, types, worldly distribution, ex- 

ploitation and production of sulphur. 


California Department of Natural Resources. Consolidated Index of Publi- 
cations, 1880-1943. Bulletin 131. Pp. 872. San Francisco, 1945. 








SCIENTIFIC NOTES AND NEWS 


GrorGE TuUNELL, of the Geophysical Laboratory at Washington, has been ap- 
pointed Associate Professor of Mineralogy at the University of California in Los 
Angeles. 


Witit1aM M. McGit1, Assistant State Geologist of Virginia since 1929, has 
been appointed State Geologist of Virginia, effective September 1, 1947, to succeed 
Arthur Bevan, resigned. 


Bruce Wirson, R. B. Fercuson, and G. A. RussELt have been appointed to 
the staff of the Department of Geology and Mineralogy of the University of 
Manitoba. 


The Manitoba Department of Mines and Natural Resources announces the 
appointment of J. D. ALLan, G. P. Cromstr, G. D. Sprincer, and M. S. Stanton 
as geologists to the permanent staff of the Mines Branch. 


Ruesa M. Aten, Jr., has joined the staff of the geology department of Rutgers 
University, New Brunswick, N. J. Dr. Allen had been associated with Cornell 
University. 


Demetrio ANprREsS has been appointed Director of Mines in the Philippine 
Government. 


Nestorio N. Lim, long with the Philippine Bureau of Mines, has been made 
chief of the Bureau’s Mining and Metallurgical Division by Demetrio Andres, 
newly appointed Director of Mines. 


Hersert E, Wricut, Jr., of Brown University, has been appointed assistant 
professor of geomorphology in the Department of Geology at the University of 
Minnesota, Minn. He will take up his new duties in September 1947. 


B. S. Burier, dean of the department of geology at the University of Arizona, 
has been awarded the Penrose Medal “for outstanding original contributions to the 
cnowledge of the geology of metallic ore deposits.” 

k ledge of the geology of metall 1 t 


B. H. Mason, senior lecturer in geology at Canterbury University College, 
New Zealand, has been appointed professor of mineralogy at the University of 
Indiana. Dr. Mason is a graduate of Canterbury University. 


L. R. Meyers, a recent graduate of Michigan State College, is now with the 
geological department of Pickands, Mather & Co. on the Menominee iron range, 
Michigan. 


Cuar.es S. Bacon, Jr., has been appointed as Associate Professor of Geology 
and Mineralogy at Case Institute of Technology. Dr. Bacon received his Master’s 
degree from Chicago, his Ph.D. from the University of Vienna and was formerly 
an associate professor at Texas Agricultural and Mining College. 
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Joun FUNNELL, of Corning, New York, has accepted appointment as ceramic 
engineer and economic geologist at the Midwest Research Institute, Kansas City, 
Missouri. He has been research ceramist in the Products Development Depart- 
ment of the Corning Glass Works. 


Howarp Bancrort has gone to Tsumeb, Africa, to make geological investiga- 
tions for the Tsumeb Corporation Ltd. 


W. B. Meek began his new duties on August 1 as assistant professor of 
geology at the University of Oklahoma, Norman. 


W. H. Wuire has been appointed associate professor and R. M. THompson, 
assistant professor, of the Department of Geology and Geography at the University 
of British Columbia. 


A. B. Goopwin has been appointed engineer in charge of the U. S. Geological 
Survey office at Asheville, N. C., succeeding W. R. Eaton, who has been trans- 
ferred to the Louisiana State district office at Baton Rouge. 


V. C. Kettey, of the geological department of the University of New Mexico, 
Albuquerque, was recently elected vice president of the New Mexico Miners and 
Prospectors Association, of which Joun C. PIERCE is secretary-treasurer. 


Dr. Joun C. Reap, geologist for the Division of Insular Possessions and Ter- 
ritories, said in Fairbanks this summer that the U. S. Geological Survey is making 
one of the most comprehensive studies of the Alaskan Territory this summer that 
it has yet undertaken. It includes the following programs of study: permafrost 
and volcanoes; conservation (petroleum, metals and some non-metals); water 
resources; geology; and topography. Dr. Read is spending much of the season in 


Alaska. 


Joun H. Mervin, District Geologist, Corps of Engineers, Omaha, Nebraska, 
has been appointed State Geologist of Ohio. He succeeds Grorce W. WHITE now 
Head of the Department of Geology at the University of Illinois. 


E. K. Sorer, former Associate Professor of Geology at the University of Cali- 
fornia at Los Angeles, has joined the staff of Signal Oil and Gas Company where 
he will act as a special consultant on domestic and foreign oil exploration. Dr. 
Soper will also have charge of Signal’s research activities in the field of oil 
exploration. 


Ernest L. Ou e, for the past six years Mine Geologist and Assistant to the 
Mine Superintendent at the Mascot, Tennessee, operation of the American Zinc, 
Lead, and Smelting Company, is now a Teaching Fellow in Economic Geology 
at Harvard University. 

R. D. MacDonatp, formerly with the Mining Corporation of Canada Ltd. at 
Noranda, Quebec, is now on the staff of Queen’s University, Kingston, Ontario, 
as Assistant Professor of Geology. 


C. H. Burcess, geologist, has joined the M. A. Hanna Co. on the Cuyuna iron 
range. He has established residence at Deerwood, Minn. 


Georce A. Kierscu, geological engineer, has joined the faculty of the depart- 
ment of geology, Montana School of Mines. 


F. W. Stewart, geologist in charge of western operations of the American 
Metal Co., Ltd., has moved to Salt Lake City. 





686 SCIENTIFIC NOTES AND NEWS. 


Roy A. ANDERSON, geologist, formerly with Cie. Aramayo de Mines en Bolivie, 
is at present assistant professor of geology at the Idaho School of Mines, Moscow. 


MANUSCRIPT TRANSLATIONS FROM THE Russ1An. The Committee on Russian 
Literature of the Geological Society of America has begun the compilation of a 
list of translations from Russian into English of available geologic papers and 
books. Please send information as to any such translations to the committee 
chairman or to Geological Society headquarters. If information about transla- 
tions of recent publications is received soon enough, it will be included in forth- 
coming volumes of the Bibliography and Index of Geology Exclusive of North 
America and the Bibliography of Economic Geology, subject to permission from 
proprietors of translations. 


The 14th Annual Meeting and Field Trip of the South Texas Section of the 
American Association of Petroleum Geologists was held in San Antonio, Texas, 
on November 5 to 8, 1947. This was also a mid-year Regional Meeting of the 
A.A. P. G. 
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